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Some Clinical Features of Complete 
Heart Block 

By GeorcE B. Penton, M.D., HAroLD MiLiEr, M.D., AnD Samuet A. Levine, M.D. 

A review was made of 251 cases of complete heart block. They were divided into the following 
groups: coronary artery disease (nonacute), 58 cases; myocardial infarction (acute), 49 cases; hyper- 
tensive heart disease, 62 cases; rheumatic heart disease, 21 cases; miscellaneous, 16 cases; “etiology 
undetermined,” 18 cases; and digitalis intoxication, 27 cases. Among the various clinical features 
analyzed were the sex and age factors, the occurrence of syncope, palpitation, congestive failure, 
anginal pain, and the duration of life after the onset of major symptoms. Methods of treatment 
are discussed. 

HE clinical course of patients with com- 

plete heart block, with or without at- 
tacks of Adams-Stokes syncope, is very 

variable. Events are often unpredictable. Some 
live a short time, others may carry on for a 

great many years. The causes of the underlying 

defect are numerous and the circumstances 

under which the major symptoms arise vary 

greatly. Even the nomenclature is somewhat 
confusing. A sudden total arrest of the heart 

when there is no evidence of conduction de‘ 
may be called an episode of Adams-Stokes s, 

cope by one observer and not by another. The 
very mechanism of fainting is also different in 

different individuals. Although much has been 

vritten about this subject, it seemed worth 
vhile to analyze in greater detail some of the 

pecifie features of complete heart block. An at- 

empt was made particularly to see if there 
ere distinct differences in the course of events 

nd in the findings when heart block developed 
nder one set of circumstances, such as coro- 

‘ary artery disease in contrast to valvular dis- 

ase, or when no definite etiology could be 

etermined. 

From the Medical Clinic of the Peter Bent Brigham 
fospital and the Department of Medicine, Harvard 

ledical School, Boston, Mass. 

This work was supported in part by the Charles 
1. Merrill Cardiac Research Fund. 

In reviewing the very extensive literature on 

complete heart block comprising over 200 pub- 

lications, only a few seem to be pertinent for 

the purposes of this study. One of the first to 
divide the attacks of syncope into two types 

was Schwartz.!:? This was more clearly dis- 

cussed and differentiated by Parkinson, Papp, 
and Evans.’ Somewhat later a review was made 
by White and his associates.* 

ScoPpE AND MATERIALS 

Patients who manifested only first or second de- 
gree atrioventricular block with or without syncope 
were not included. Similarly, cases of atrioventric- 
ular dissociation typified by “interference dissocia- 
tion or ventricular capture phenomenon’’ were ex- 
cluded. These were all cases in which the ventricular 
rates were more rapid than the atrial rates. Further- 
more, syncopal attacks associated with standstill of 
the sinus node or atrial mechanism were also ex- 
cluded if no evidence of atrioventricular block was 
present. The only cases forming the basis for this 
study were those which at one time or another had 
third degree atrioventricular block in which the 
ventricular rate was slower than the atrial rate. In 
most instances, the atria were contracting inde- 
pendently ofthe ventricles, though atrial fibrillation 
was present in 43 cases, excluding the digitalis 

intoxication group. In many, first degree or second 
degree heart block had occurred at one time or an- 
other. In 92 per cent of the cases the diagnosis of 
complete heart block was verified by electrocardio- 
grams. In the other 8 per cent the diagnosis on 
clinical grounds seemed quite certain. With these 
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802 CLINICAL FEATURES OF COMPLETE HEART BLOCK 

restrictions, there were 251 cases available for inves- 

tigation. One hundred fifty-three were obtained 
from the records of the Peter Bent Brigham Hospital 
during the years 1913 to 1955, and 98 cases were 
from the consultation practice of one of us. 

CLINICAL PicTURE 

Complete heart block is generally associated 

with a slow ventricular rate, i.e., 30 or 40 beats 

per minute. Occasionally, the heart rate may 
be 50 or 60 beats per minute or a little greater. 
The bradycardia may be initiated suddenly by 

an attack of syncope. In others, a slow heart 

rate is suddenly observed without any signifi- 

cant change in the symptomatology or aware- 
ness of the change in rhythm. There are numer- 

ous instances in which syncopal attacks occur 

and with recovery the heart returns rather 

promptly to a normal sinus rhythm. In such 

cases, an asystole has taken place, accounting 

for the spell of unconsciousness, and is followed 

for only a short time by varying degrees of 

atrio-ventricular heart block.® In a few minutes 

a normal sinus rhythm is established without 
evidence of conduction defect. These cases gen- 

erally display more permanent complete heart 

block some months later. Before this is appar- 

ent, they present puzzling problems and may 

be misinterpreted as instances of hysteria, be- 

nign syncope, or epilepsy. In some of these 
cases minor clues may be found that direct the 

observer’s attention to the true nature of the 

condition; these include complete or incomplete 

bundle branch block or a full P-R interval of 

0.20 to 0.22 second. In these puzzling cases, the 

physician would do well to make every effort 

to observe the actual episode; for during those 

brief moments, the diagnosis may be quite 

obvious. Another clue in this regard is obtained 

by carotid sinus stimulation. If as a result of 
this test the heart slows and a temporary tran- 
sient complete atrioventricular dissociation re- 

sults, it is very likely that permanent complete 

heart block may develop at some later date. 

The inference from the above is that for some 

period of time, patients may have a normal 
sinus rhythm after a syncopal attack and yet 

be suffering from Adams-Stokes episodes, and 
only later manifest permanent complete heart 

block. 
The symptoms due to complete block itself 

are very few. The slow ventricular rate of 30: 

does not necessarily produce pain, dyspnea, or 

significant prolonged weakness. The patient 

may suddenly become aware that the heart is 
beating slowly, and this may be his first com- 

plaint to the physician. In a fair number, pal- 

pitation may be a primary symptom. More- 

often momentary weakness, dizziness, or actual 

spells of unconsciousness are the major diffi- 
culties. In some, profound weakness, prostra- 

tion, and even a prolonged state of semicon- 

sciousness may result when the heart continues. 
to beat regularly, but extremely slowly, i.e., 15 

to 20 times per minute. The duration of actual 
syncope will depend upon the length of ventric- 

ular asystole. If this lasts two to three seconds 

the patient may have a feeling of a wave pass- 
ing over him, with a momentary sense of un- 

certainty or blankness, just like a petit mal. If 

it lasts several seconds and the patient is stand- 

ing or walking, he will drop to the ground, re- 

gaining consciousness immediately, having no 

idea of what has happened. If the asystole 

continues longer, convulsive movements appear 
with stertorous breathing. After half a minute 

or more, if the heart does not resume its beats, 

the patient may appear to be dead, without 

either cardiac or respiratory function. Occa- 
sionally during such long intervals, the con- 

tinuing contractions of the atria may still be 

visibly displayed in faint pulsations of the jugu- 

lar vein. Finally, if the heart does not resume 

its beat in several minutes, death occurs. On 

the other hand, it is amazing how instantane- 

ously consciousness is restored if the heart does. 
start contracting; in fact, after one or two beats 

the patient may resume the previously inter- 
rupted conversation. 

The diagnosis of complete heart block is 

generally a simple matter. Apart from the 

history of the symptoms mentioned above, 

physical examination in the great majority of 
cases reveals distinctive objective findings. On 

auscultation of the heart the rate is generally 
slow and regular, 30 to 40 beats per minute. 
Not infrequently, this regular rhythm may be 
interrupted by premature beats. The single 

most valuable and almost pathognomonic sign 

is the changing intensity of the first heart sound 

heard best at the apex with a regular slow beat. 



In some instances it will be necessary to listen 
as long as one-half to a whole minute before the 

loud first sound appears (bruit de canon). With 

other cycles the first sound may be muffled, 
faint, or of average intensity. This pathogno- 

monic sign will be absent in cases of complete 
heart block with atrial fibrillation, as the first 

sound will then be constant in its intensity. A 
second sign is the detection of faint atrial 

sounds during the long diastolic intervals. 

These are more audible in the early than in the 
late portion of diastole and are heard best be- 
tween the apex and lower sternum. Occasion- 

ally these atrial contractions will produce 
visible, faint pulsations in the jugular pulse. A 

more distinctive phenomenon to be observed 

in the neck is the detection of occasional, sud- 

den, large pulsations in the jugular vein, pro- 

duced by the simultaneous contraction of the 
atria and ventricles. Finally, it will be difficult 

in most cases to alter the ventricular rate by 

carotid sinus stimulation. 

CLASSIFICATION OF CASES 

Among the 251 cases in this study, there were 
58 (23 per cent) with coronary artery disease 

(nonacute), 49 (19 per cent) of acute myocar- 

dial infarction, 62 (24 per cent) with hyper- 

tensive heart disease, 21 (10 per cent) with 

rheumatic heart disease, 16 (6 per cent) with 

rare forms of heart disease (miscellaneous), 18 

(7 per cent) in which the etiology was not 

known, and 27 (11 per cent) with digitalis 

intoxication. 

Those patients who experienced the clinical 
syndrome of angina pectoris, coronary artery 

insufficiency, or previous acute myocardial in- 

farection constituted the coronary artery disease 

group. Those patients who experienced a recent 

myocardial infarction in association with com- 

plete heart block were placed in the acute myo- 

cardial infarction group. Those having myocar- 

dial infarction, coronary thrombosis, or sig- 

nificant coronary artery sclerosis at autopsy 

were also included in these sections. Age alone 

in the absence of any of these criteria was not 

deemed sufficient for inclusion in this category. 

Criteria for the hypertensive heart disease 
group included a systolic blood pressure of 

170 mm. Hg or greater; it is appreciated that 
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this demarcation is an arbitrary one. The dias- 

tolic pressure in complete heart block is so 

variable that it was not employed as a useful 

criterion. All the cases with rheumatic heart 
disease had aortic, or mitral, or combined aortic 

and mitral valve disease with or without a past 
history of rheumatic fever. The miscellaneous 

or rare forms of heart disease and those with 
complete heart block of etiology undetermined 

are discussed later. Those patients were in- 
cluded in the digitalis intoxication group in 
whom excessive digitalis appeared to be the 

cause of the complete heart block. All these pa- 

tients had heart disease due to one cause or 
another, but had complete heart block as a con- 

sequence of excessive digitalis therapy. This 
group was regarded as unique and sufficiently 

different from the other cases to merit separate 

study. They, therefore, will not be included in 

the statistical analyses of features such as age, 

sex, and other factors. This type of heart block 
is induced by the drug and is not a necessary 

part of the disease process of complete heart 

block. 
Some of the cases had more than one of the 

above etiologic features. Those who had hyper- 

tension and rheumatic valve disease were clas- 

sified in the rheumatic group. Patients in whom 

the heart block developed in relationship to 

coronary artery disease, i.e., directly with acute 
myocardial infarction, and those in whom an- 

gina or myocardial infarction had been present 

in the past, were put into the appropriate coro- 

nary group even if they had hypertension or 

rheumatic valvular disease. Although there 

were 9 instances in this study in which there 

was a positive serologic reaction for syphilis, in 

only 2 was syphilitic heart disease present and 

thought to be related to the complete heart 
block. 

AGE AND Sex DISTRIBUTION 

Of the 224 cases, 127 (57 per cent) were males 

and 97 (43 per cent) were females. The age 

group extended from 10 to 85 years, with 84 per 
cent occurring in the age group from 41 to 80 

years. Table 1 is based upon the age when the 

patient was first observed by us to have com- 

plete heart block and does not necessarily rep- 
resent the age at which heart block first de- 
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TABLE 1.—Age Distribution by Decades 

Age Number Per Cent 

0-10 

11 

21-30 

31-40 

41 

ow 

ost 

warn 

224 ~ 

Total Av. Age 
No. ‘ Age Range 

Patients yrs. yrs. 

Coronary artery dis- 

ease 
Acute myocardial in- 

farction. . 

Hypertensive _ heart 
disease... Sere 

Rheumatic heart dis- 

ease ee 
Etiology undeter- 

ME. 56. 18 

Miscellaneous : 16 

Total..... see 224 : 97 | 59.% 

veloped or was first observed by others. It 

should be noted that customarily patients 
under the age of 12 years are not eligible for 

admission to the Peter Bent Brigham Hospital. 
The average age of all patients when first ob- 

served with complete heart block was 58.5 

years; if the digitalis group is excluded, the 
average age was 59.2 years. The 3 groups, i.e., 

coronary artery disease, acute myocardial in- 

farction, and hypertensive heart disease, were 
the oldest (62.5 to 63.5 years). The miscella- 

neous group and the group designated ‘‘etiology 

undetermined” were the youngest, about 45 

years, and the group with rheumatic heart dis- 

ease were intermediate (52.5 years) (table 2). 

The average age at death in the 126 cases 
where the time of death was known was 63.2 

years. The corresponding figures for the various 

subgroups of these cases were as follows: 

Chronic coronary artery disease, 65.9 years; 

acute myocardial infarction, 65.2 years; hyper- 
tensive heart disease, 60.3 years; rheumatic 

heart disease, 62.7 years; etiology undeter- 

mined, 55.0 years; miscellaneous, 55.0 years. 

The age was generally a little greater in those 

who had permanent complete heart block than 
in those who had transient complete heart 

block. There was a definite tendency for the 

males to predominate in all groups except those 

with rheumatic heart disease, in which group 
there were 13 females and 8 males. 

SYNCOPE 

Syncope occurred in 137 cases (61 per cent). 

It was the first evidence of the illness in 48 

cases (21.4 per cent). The frequency of these 

episodes varied greatly. Rarely, only one such 

spell of unconsciousness occurred. In others, 

they may have taken place at daily, weekly, 

monthly, or sporadic intervals, and there were 

extreme instances in which actual status epi- 

lepticus was present with the effective heart 

action stopping and starting every few minutes. 

With the exception of the digitalis intoxication 
group, syncope occurred in all the subgroups 

in this study with varying frequency: 77.6 per 

cent of the chronic coronary artery disease 

group, 43 per cent of the acute myocardial in- 

farction group, 72 per cent of the hypertensive 

heart disease group, 38 per cent of the rheu- 

matic heart disease group, 56 per cent of the 

miscellaneous forms of heart disease, and 44 per 

cent of the etiology undetermined group. 

Descriptions of attacks of syncope vary, and 

the following serves as an example: ‘Dizziness 
comes suddenly without warning and not re- 

lated to exertion; it begins with a feeling of 
coldness all over the body, and then a sensation 

of warmth passes quickly up the body and there 

is a feeling of fullness and heat in the head; 

everything becomes black before the eyes and 

then the feeling passes quickly and a feeling of 
well being exists thereafter except for a sense 

of slight oppression in the chest and very slight 

breathlessness for a few minutes, the whole 

attack lasting five or ten minutes.” 

Similarly, as the attacks themselves vary, so 

might the description vary, but the following 
are illustrative: ‘““The pulse was 45 and sud- 
denly failed to come through; on auscultation 
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no sounds were heard for 18 seconds; after ces- 

sation of the heart beat, the patient began to 

quiver, her arms began to twitch and her body 
began to straighten out, and her face became 

ashen gray. After the end of the 18 second 
period, the same heart sounds were heard fol- 
lowed by other heart sounds at irregular inter- 

vals, each sound becoming louder but irregu- 

larly spaced. About 15 seconds after the end of 

asystole, the rate increased and then became 
regular.” Another type of observation is illus- 

trated in the following: 

“T was called te see the patient after several 
so-called minor attacks in quick succession. The 
patient spoke to me telling me of the shock-like 
pain traveling over the right arm to the shoulder; 
while talking to him and feeling the radial pulse, 
I felt a period of asystole begin, was able to count 
ten mentally when the patient announced he was 
having another spell; with stethoscope over the 
heart no further heart sounds or radial impulses 
came through for about 25 more counts (thus 35 
counts in all); during this time, the patient’s face 
was blanched of all color, eyes were rolled upward, 
and his hands stiffened; then, the heart began to 
beat, the patient became flushed, his head came 
forward, and he spoke almost simultaneously. The 
patient stated that he remembered nothing and 
that he did not feel well; there were no twitchings 
of any sort and the heart rate was beating at a 
rate of about sixty-four and regular after this 
attack. In this case asystole of 10 seconds with the 
patient lying flat in bed caused no symptoms. He 
was aware that a spell was coming only after that 
interval of 10 seconds and actual syncope ensued 
a few seconds later.” 

There are all degrees of severity of the at- 
tacks and there are marked variations in the 
duration of Adams-Stokes syncope. These range 

from a brief fleeting aura of faintness to com- 

plete unconsciousness, cyanosis, eyes rolled up- 

ward, body twitching, face drooping, stertorous 

breathing, frothing at the mouth, and complete 
unresponsiveness. With the resumption of the 

first heart beat there may be sudden awareness 

of the surroundings and a sense of well being. 

The duration of life after the onset of syn- 

cope varied greatly among these patients. It 

was obviously very short in those who had 
Adams-Stokes attacks for the first time with a 

fatal acute myocardial infarction. The average 
duration of life after the first syncopal attack 

in cases other than those just mentioned was 

6.9 years, the range being from several hours 

to 11 years. In many cases syncope preceded 

permanently established complete atrioventric- 
ular block by a period of months or a few years. 

Of 39 patients who died in Adams-Stokes at- 
tacks, 31 had previous syncope and 8 had no 

previous syncope. The fact that a patient had 

previous syncopal attacks with complete heart 

block would make it seem more likely that he 
would have a subsequent sudden eventual 

exitus. 

Apart from definite syncope with loss of con- 

sciousness, periods of dizziness and weakness 

were quite common. There were 36 patients 
(17 per cent) in whom these symptoms occurred 
without true syncope, 84 (38 per cent) who had 

both syncope and dizzy spells, and 46 (21 per 

cent) who had spells of unconsciousness with- 

out additional complaints of dizziness. 

PALPITATION 

Palpitation occurred in 43 patients. In com- 

paring the incidence of palpitation with heart 

rate, it was found that of 55 patients with a 
slow rate of 30 or less, there were 9 (16 per cent) 
who had palpitation and 46 who did not have 

palpitation. Of 169 patients with rates greater 

than 30 per minute, 42 (25 per cent) had pal- 

pitation and 127 did not have palpitation. Al- 
though the symptom of palpitation generally 

connotes a more rapid heart beat, it is signifi- 
cant that the same symptom is not uncommon 

among those patients who have a very slow 
heart rate. 

The suggestion has been made that in those 

patients experiencing syncope, the premonitory 

symptom of palpitation might be useful in pre- 
dicting syncope due to ventricular acceleration. 

In this study, 2 of 13 patients with ventricular 

acceleration (ventricular tachycardia, ventric- 
ular fibrillation, ventricular flutter) were aware 

of palpitation prior to their attack; none of the 
21 patients with syncope due to ventricular 

asystole was aware of palpitation prior to the 

attack. These cases were all documented by 
eletcrocardiograms. There were, however, other 

cases with syncope not documented by electro- 

cardiograms who experienced palpitation but 

the subsequent rhythm was not ascertained. 
Only occasionally, therefore, can the symptoms 
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TABLE 3.—Heart Rate in Patients with Complete 

Heart Block 

Heart Rate No. of Patients 

Less than 20... ee 1 14 

21-30.... ; e5 38 

3140. va oh 83 

41-50 ree 67 

51-60 ‘ ; 16 

61-70 : 

71-80 : 

81 or above... 

Total her aes ade 224 

of palpitation preceding the syncopal attack 

aid the physician in distinguishing attacks that 

are initiated by an accelerated ventricular rate 
from those that start abruptly with asystole. 

CoNGESTIVE HEART FAILURE AND DySPNEA 

Objective evidence of congestive heart failure 

was present in almost 40 per cent of the pa- 

tients studied. Failure varied from minimal to 

severe. In 23 patients, heart failure preceded 

the onset of complete heart block, in 16 con- 
gestive heart failure or dyspnea developed con- 

comitantly with the complete heart block, and 
in 8 these features appeared after the onset of 

complete heart block. In the other patients, the 
relationship of the complete heart block to con- 

gestive heart failure was not very clear. Only 
10 of 85 patients in whom the mode of death 
was known died of progressive congestive heart 

heart failure. 
Dyspnea was the presenting feature in about 

one fourth of the cases, and was present clini- 

cally in slightly less than two thirds of all the 
patients. The dyspnea varied from mild to 
marked, and there did not appear to be any 

clinical relationship between the heart rate and 

the degree of dyspnea. Dyspnea and congestive 
heart failure appeared in patients having a slow 

heart rate as well as those having a more rapid 
heart rate. It was noted ina patient witha heart 

rate of 18 per minute and in another with a 
heart rate of 72 per minute. 

In the therapy of congestive heart failure, all 

the usual modes of treatment were employed. 
When needed, digitalis was administered, unless 

the heart block was due to overdigitalization 

and continued digitalis would have led to ag- 

gravation of the congestive failure. 

Congestive heart failure and dyspnea appear 

to be manifestations of the underlying heart 

disease, and the presence of complete heart 

block is incidental in the course of events. Al- 

though we have the general impression that the 

slow heart rate may actually be beneficial to a 
certain extent and decrease the degree of con- 

gestive heart failure, the observations in this 

study were neither detailed enough nor suffi- 
ciently adequate to offer proof in favor of this 

concept. 

Heart Rate 

The heart rate varied from a low of 16 to a 
high of 97, and the over-all average was 38 

beats per minute as documented by the electro- 

cardiogram. As shown in table 3, all but 6 pa- 
tients had heart rates of 60 or less (this does 

not include the digitalis intoxication group). 

Rates of 8 and 12 were reported clinically, but 

not documented by the electrocardiogram. The 
heart rate was regular in 181 of 224 patients. 

In the classical description of complete heart 
block, the rate is usually said to be particularly 
regular, but there are cases, not too uncommon, 

in whom the ventricular rhythm is somewhat 

irregular because of the appearance of ventricu- 

lar premature beats. It may be mentioned here 

that there are patients in whom the ventricles 

as well as the atria are affected by carotid sinus 
pressure or vagal influence. There were 55 cases 

of complete heart block having a rate of 30 or 
less. The average rate recorded in the various 

groups was as follows: coronary artery disease 

(nonacute) , 32; acute myocardial infarction, 43; 

hypertensive heart disease, 37; rheumatic heart 
disease, 45; miscellaneous, 39; etiology unde- 

termined, 43; and digitalis intoxication, 54 

beats per minute. 

Although the characteristic of complete 
heart block is a slow, regular rate, slight irregu- 

larities were not uncommon, and the actual 

ventricular rate varied from under 20 to 60 or 
more. Variability in the heart rate occurred in 

the same individual at various times. 

Bioop PRESSURE AND PULSE PRESSURE 

Systolic blood pressure averaged 172 mm. 
Hg and diastolic blood pressure averaged 79 
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TABLE 4.—Comparison of Blood Pressure and Heart Rate 

Coronary 
artery 
disease 

58 Number of cases (224) 

Rate under 40 

Systolic blood pressure 
Diastolic blood pressure................ 

[a | 
PN 6 oie o ks sa a kk en eae a 

Acute. 
myocardial 
infarction 

49 

| Hyperten- | Rheumatic 
sive heart eart 
disease | disease 

\Etiology un-| 
Misc. | determined | 

Average 

| | 

| 62 
Stal Peels : 

21 

208 
90 

43 

32 

Rate above 40 
Systolic blood pressure 

Diastolic blood pressure................ | 

RMR NN on 5 5.5 sees 8 op cn sioe so. 0k 

Average rate 

Over-all Average 

Systolic blood pressure................. 

Diastolic blood pressure 

Number cases... . 

MMO, 5 pron 6 bed sina VS oaeeueus 

58 

33 

mm. The highest systolic blood pressure was 
280 mm. Hg and the lowest systolic blood pres- 
sure was 60 mm. The highest diastolic blood 

pressure was 150 mm. Hg and the lowest was 

zero. Pulse pressure averaged 93 mm. and 

ranged from a low of 28 mm. to a high of 180 
mm. Hg. 

The accompanying table 4 demonstrates the 

relationship of heart rate to blood pressure and 
the average of these readings in each sub- 
group. It is obvious that with well-marked 
hypertension, the pulse pressure will nec- 
essarily be large. In cases without hypertension, 
however, greater blood pressure readings were 

more likely to accompany slower heart rates. 

In following the same individual who goes in 
and out of complete heart block, it was often 

found that as the heart rate slowed the systolic 

pressure rose and the diastolic fell. In that way 
it was possible for the heart to maintain as 

great an output, and even a normal one, at the 
rate of 30 beats per minute as it would with a 

rate of 70.7 

HEART S1zE 

The heart was considered to be enlarged in 
140 of 224 cases. In 52 the enlargement was 

slight, in 49 moderate, and in 32 marked. The 

145 

76 
49 

43 

208 

91 

62 | 

36 | 

132 

67 
18 

43 

68 
21 

45 

16 
39 

estimate of the increased heart size was based 
upon x-ray examination or physical findings. 

Absence of cardiac enlargement in 47 cases of 

complete heart block was confirmed by fluoro- 

scopic examination or x-ray films. In a patient 

with rheumatic heart disease and complete 

heart block, who was followed for a period of 
over 15 years, cardiac enlargement was never 
demonstrable. Cardiac enlargement need not 

necessarily be associated with complete heart 
block; the degree of heart enlargement for the 

most part went, pari passu with the accom- 

panying type of heart disease. 

OTHER ConDUCTION DEFECTS 

Of the 224 patients, there were 62 in whom 

the electrocardiograms were indicative of right 

bundle branch block and 60 in whom tracings 

were of the type generally designated as left 

bundle branch block. It is evident that in 
these instances of so-called bundle branch 
block the impulse may have actually arisen in 

one of the branches rather than in the common 

junctional tissue or node. First or second 

degree block, or both, was present prior to or 

subsequent to the complete heart block pat- 

tern in 67 patients. Two patients had docu- 

mentary evidence of both right and left bundle 
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branch block at varying periods while they had 
complete heart block. Thus, third degree block 

is frequently preceded by a lesser degree of 

atrioventricular block and is often accom- 

panied or preceded by bundle branch block. 

OTHER ASSOCIATED RHYTHMS 

There were 83 patients in whom the atrial 

rate was under 100 beats per minute. In 41 

the rate was between 100 and 120, and in 12 

the range was from 120 to 200. There were 2 

documented cases of paroxysmal atrial tachy- 

cardia with complete heart block. In 57 cases 

atrial fibrillation was associated with complete 

heart block, 14 of these patients were in the 

“digitalis intoxication” group. Atrial flutter 
concomitant with complete heart block oc- 

curred in 4 patients. The atrial rate was fairly 

constant in some patients with complete heart 
block and in others the atrial rate varied 
slightly from day to day. In still others, there 
were sharp increases in the atrial rate when an 
abnormal form of atrial rapid heart action 

developed. The atrial and ventricular rates may 

simultaneously but independently increase or 

decrease. In other instances, the atrial and 

ventricular rates may simultaneously but also 

independently be altered in opposite directions. 

Thus, the atrial rate may increase when the 

ventricular rate decreases or the atrial rate 

decrease when the ventricular rate increases. 
Ventricular tachycardia and_ ventricular 

fibrillation were present in 15 cases docu- 

mented -by the electrocardiogram. In some, 

there followed an appreciable interval of 

electric inactivity and, in others, the ventricu- 

lar complexes of complete heart block were 

quickly resumed after the rapid ventricular 

rhythm. Ventricular asystole was documented 
by the electrocardiogram in 21 cases; 10 were 

in the coronary artery disease group (non- 

acute), 6 were in the acute myocardial infare- 

tion group, 2 in the hypertensive heart disease 

group, 1 in the rheumatic heart disease group, 

and 2 in the miscellaneous group. 

Observations in this study support the 

conclusions made by Parkinson, Papp, and 

Evans,’ in 1941, that the syncopal attacks may 
be due to asystole associated with complete 

heart block or to ventricular acceleration such 

as ventricular tachycardia or ventricular 

fibrillation. 

PERMANENCE OF COMPLETE HEART BLocK 

There were 176 patients with permanent com- 
plete heart block, 29 others had transient 
complete heart block, and 19 additional 
patients had repeated transient complete heart 

block. Those in whom complete heart block was 

recorded at every examination from its incep- 
tion to death or to the time of last follow-up 
were considered to have permanent complete 
heart block. Included in this group also were 

those who had transient or intermittent block, 
or both, but who then progressed to a per- 
manent block of a fixed nature and of long 

duration. The group with transient complete 
heart block included those patients who had a 
single period of complete heart block preceded 

and followed by a lesser degree of block or 

normal rhythm. The number of the latter who 

returned to a normal sinus rhythm was 17 

(coronary artery disease, nonacute, 1; acute 

myocardial infarction, 12; miscellaneous, 1; 

etiology undetermined, 1; rheumatic heart 
disease, 1; and hypertensive heart disease, 1). 

The number of those who returned to partial 
heart block was 12 (coronary artery disease, 

nonacute, 2; acute myocardial infarction, 6; 

hypertensive heart disease, 1; rheumatic heart 

disease, 1; and miscellaneous, 2) (table 5). 

Repeated transient block included those pa- 
tients who had complete heart block on more 
than one occasion; 7 so classified returned to 

TaBLeE 5.—I ncidence of Types of Complete Heart Block 

Perma- | Tran- | Repeated 
nent sient | transient | Total 
block block block 

Coronary artery dis- | 
ease (nonacute)....| 

Acute myocardial in- 

faretion.... | 

Hypertensive heart dis- 

Rheumatic heart dis- 

ease... 

Miscellaneous 

Etiology undetermined. 

Total 
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normal sinus rhythm (coronary artery disease, basis was 47 years. There were 4 cases of over 15 

nonacute, 1; acute myocardial infarction, 1; years’ duration documented by the electro- 

hypertensive heart disease, 2; rheumatic heart cardiogram, 2 cases of from 20 to 25 years, 

disease, 2; and etiology undetermined, 1) and and 3 from 15 to 19 years’ duration on the 

12 returned to partial heart block (coronary basis of the clinical picture and history. Aside 

artery disease, nonacute, 2; acute myocardial from those cases in the digitalis group, in which 

infarction, 3; hypertensive heart disease, 5; there were some with complete heart block for 
and miscellaneous, 2). only a few hours, there were others in whom 

In the majority of patients in this study, the duration was less than one day, par- 

complete heart block was of a permanent na- ticularly among those who died of acute cor- 

ture. However, there were some in whom the onary thrombosis. In table 6 are recorded the 

complete heart block was not permanent but data concerning those cases in whom the 

of a transitory nature. In this latter group, it is diagnosis of permanent complete block was 

of interest that the largest number occurred in proved by electrocardiogram. The duration of 

association with acute myocardial infarction. life after the first occurrence of syncope and 

after the first development of complete heart 
Duration or Comptete Heart Biock block, where the time of death was known, 
The longest time interval of a patient having varied somewhat in the different subgroups. 

complete heart block, documented by the It was generally about a year longer after the 

electrocardiogram, was 21 years. The longest initial syncope (average 35.2 months) than 

duration of complete heart block on a clinical after the first appearance of heart block (aver- 

TaBLE 6. i Dampnentiee Observations of Patients with Complete Heart Block (C.H.B. e 

| "Theat of life | Ag Length of life | Length of life 
after first | A8e at onset | “after first | Ageonset Of | “after onset Age at death 
Chesson | first syncope | syncope | C.H.B. ; | C.H.B. 

| | 

Age a 
Group _| se observed 

| 
| 
| 

| 

| 
eee eH eae, ts | | 

63.1 y. 4m. | 62.4y. | 5.5 m. 
(39y-77y) | (hrs-ly) | (40y-85y) | | (hr-5y) | 

21 ke | 14 pts. | 49 pts. |» ini | 33 pts. 

Acute myocardial infraction | 62.4 y. | 11 m. 65.2 y 

(49 cases) 

| 

a —85y ) | (4h-7y) | 

34 pts. a. 

[- — 
Coronary artery disease non- | 63.5 y. | 31m. 63.0 y. | 39 m. 63.5 y. | 29.4m. | 65.9 y. 

acute (58 cases) (40y-84y) | (ld-18m) | (42y-85y) | (1d-l5y) | (40y-84y) | (1d-18y) 

| 40 pts. | 42 it. 28 pts. | 58 pts. 35 pts. 41 pts. 

Hypertensive heart disease | 63.4 vy. | 28.5 m. | 61.0 y. 57 m. 63.1 y. 29.6 m. | 60.3 y. 
(62 cases) | (19y-82y) | (7h-9y) | (42y-82y) | (15d-lly) | (19y-82y) | (1d-9y) 

27 pts. | 42 ats 19 pts. 62 pts. 28 pts. 29 pts. 

Rheumatic heart disease (21 | 52.5 y. | 14.5 m. | 56.3 y. 62.1m. | 52.0 y. 40.7m. | 62.7 y. 
cases) | (16y-79y) | (1d-7y) | (42y-66y) | (ly-8.5y) | (16y-79y) | (12d-7y) 

| 11 pts. s. 5 pts. | 21 pts. | 10 pts. 11 pts. 

Etiology undetermined (18) 44.5 y. | 6.4m. | 7.3m. | 48.5 y. | 5.6 m. 55.0 y. 
cases) | (22y-78v) | (6d-ly) | (22y- 78y) (Im-13m) | (22y-78y) | (6d-ly) 

| 5pts. | Opts. | 3 pts. 18 pts. 4 pts. 5 pts. 

68m. | 60.3y. | 16.2m. | 44.9y. | 84.8m.| 55.0 y. 
(Sd-24y) | (82y-82y)  (5d-2y) | (10y-82y) | (Sd-24y) 
5 pts. 10 pts. 4pts. | 16 pts. 4 hewn 7 pts. 

Miscellaneous (16 cases) 44.9 y. 

(12y-82y) | 

(4h-24y) | (22y-82y) | (24h-11y) | (10y-85y) | (Sh-24y) 
122 pts. | 132 pts. | 73 pts. | 224 pts. | 104 pts. | 126 pts. 

| 
| 

| 

Average (224 cases) a 25.3 m. | 60.2 y. | 35.2m. | 59.2 y. | 26.2m.] 63.2 y. 

= hours, d = days, m = months, y = years. 
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age 26.2 months). When these major groups 

were compared it was found that the length of 

life after the first syncope or heart block was 

greatest in the rheumatic, least in the coronary, 

and intermediate in the hypertensive group. 

DIPHTHERIA 

This review throws further light on the 

concept that was presented over 25 years ago, 

and which has since been discussed, that 

diphtheria plays some role in the development 
of complete heart block.’ There were 41 (16 

per cent) cases in which there was a past history 
of diphtheria; this seems to us a great deal 

higher than the incidence in the general popu- 
lation during the time that this group of pa- 

tients was studied. The exact mechanism is 

difficult to evaluate, but increased vulnera- 

bility to conduction defects apparently exists 

after infection with diphtheria. A long lapse of 
time may intervene between the actual infec- 

tion and occurrence of the complete heart block, 

perhaps at a time when further stress, insult, or 

injury is encountered. In regard to diphtheria, 
it will no doubt play less of a role in the future 

with decreasing incidence of the infection. 
However, we would like to emphasize that 

there is reason to believe that some of the unex- 

plained cases of complete heart block may be 

due to previous apparently minor infections 

from which the patient recovers, as a result of 

which the patient is left more vulnerable, just 

as occurs after recovery from diphtheria. 

Among the 18 patients with heart block due to 

unknown cause, there were 7 who gave a history 

of previous diphtheria, whereas in all the 
remaining 206 cases, there were only 33 cases of 
diphtheria. The distribution of the 41 cases of 

diphtheria was as follows: coronary artery 

disease, nonacute group, 13 of 58 patients; 

acute myocardial infarction group, 2 of 49 pa- 
tients; hypertensive heart disease group, 11 of 
62; rheumatic heart disease group, 4 of 21; 

miscellaneous group, 3 of 16; etiology undeter- 

mined group, 7 of 18; digitalis intoxication 

group, 1 of 27 patients. 
It seems to be more than a matter of coinci- 

dence that a past history of diphtheria should 

be so much more prevalent among those cases 

in which there is no known cause of heart dis- 

ease than among those in which definite etio- 

logic factors such as rheumatic heart disease or 

coronary artery disease are involved. This adds 
validity to the concept that early diphtheria 

was related to the subsequent development of 

heart block. 

SEROLOGY 

There was a total of 9 cases who showed a 
positive serologic reaction for syphilis. Cases 

were not considered to have complete heart 

block on a syphilitic basis unless there was 

some other evidence of syphilitic heart disease. 

There were 2 such cases included in the mis- 
cellaneous group. 

GALLBLADDER DISEASE 

Because of some suspicion of the relationship 

between gallbladder disease and Adams- 

Stokes attacks, its occurrence was investigated. 

Unfortunately, until very recent years no 

systematic search for gallbladder disease was 

made in these cases. Not infrequently, one 
discovers the presence of gallstones on routine 

X-ray examination, when there has been very 

little if any clinical evidence of biliary disease. 

However, there were 26 patients who demon- 

strated evidence of cholelithiasis or cholecystitis 

during the time that they were known to have 
had complete heart block. Eleven of 58 pa- 
tients with nonacute coronary artery disease 

were found to have gallbladder disease as well 

as 3 of 49 patients in the acute myocardial 
infarction group, 10 of 62 in the hypertensive 

heart disease group, 1 of 21 in the rheumatic 

heart disease group, and 1 of 18 in the etiology 
undetermined group. Gallbladder disease oc- 
curred in no patients in the miscellaneous or 

digitalis group. 

Most instances of gallbladder disease were 
detected during the past 10 years when interest 
was aroused concerning the relationship of gall- 
bladder disease and syncopal attacks.® In 6 

instances a cholecystectomy was performed, 

and in 4 of these there was striking improve- 
ment in the incidence of Adams-Stokes at- 

tacks. There was no operative mortality in this 

small group. 
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OPERATIVE RISK 

There were 19 patients who underwent 24 

surgical procedures. The following operations 
were performed with no surgical mortality; 

cholecystectomy in 6, hysterectomy and 
salpingo-oophorectomy in 1, spinal fusion in 1, 

tonsillectomy in 1, thyroidectomy in 2, ampu- 

tation of toes in 2, anal fistula in 1, hemor- 

rhoidectomy in 1, low-thigh amputation in 1, 

hernia repair in 1, abdomino-perineal resection 

for adenocarcinoma of the sigmoid in 1, 

appendectomy in 1, and multiple pregnancies in 

2 patients, one of whom also had an appendec- 

tomy and removal of left ovarian cyst subse- 

quent, to her pregnancies. 

Anesthetics employed in these procedures 

included ether, nitrous oxide, intravenous 

Pentothal, spinal anesthesia with procaine, 
local infiltration with procaine, and field block 

with xylocaine. It might be pointed out that in 
the administration of a local anesthetic such as 

procaine and its derivatives in amounts evoking 

a systemic effect, a myocardial depressant 

action might ensue. In general, intravenous 

procaine is contraindicated in complete heart 
bloek.?° 

Two of the patients undergoing cholecystec- 

tomy had multiple episodes of asystole during 

anesthesia and surgery, but with careful ob- 
servation and management both survived the 

procedures and are still living. 
Complete heart block is not a contraindica- 

tion for necessary surgical procedures or for 

pregnancy. It would appear that in anesthesia 
it is not the anesthetic agent employed during 

the surgery but the manner and method of 
administration of this that may determine the 

success of the procedure. 

FoLLow-up STUDIES AND Enp RESULTS 

Of the 224 patients included in this study, 
127 were known to have died, 36 were reported 

o be living, and 61 did not respond to at- 
empted follow-up. The modes of death in the 
.27 cases were as follows: sudden death, 39; 

yrogressive heart failure, 10; acute coronary 

seclusion, 22; miscellaneous causes, 18, which 

ncluded deaths due to uremia, pulmonary in- 

arction, pneumonia, cerebral hemorrhage, and 

other causes; the actual cause of death was 

unknown in 38 cases. 

One hundred thirty-seven of these cases had 

syncope and 87 did not. In the former group, 

76 were known to have died and in 53 the 
type of death was also known. Thirty-one 

deaths occurred suddenly. Among the 87 cases 
who did not have syncope, 51 were known to 

have died and the manner of death was known 
in 36 instances. Only 8 of these died suddenly. 

It would appear that instant death occurs 

about 3 times as frequently in those who have 
syncope as in those who do not. However, 

sudden death takes place not only because of 

the conduction defect but also in a manner 
common to the various types of heart disease. 

CoroNARY ARTERY DISEASE 

Patients with coronary artery disease con- 

stituted the largest of all groups studied (107 
cases). Of these, 63 had definite myocardial 
infarction, about half of which also had clear- 

cut anginal episodes as well. An additional 44 
had angina pectoris without clear-cut evidence 

of myocardial infarction. 

It is of interest that among the cases that 

were most carefully observed, there were none 

with anginal manifestations after the develop- 
ment of complete heart block, though many 

had this symptom before the block appeared. 
With such a large number of cases having 
coronary artery disease, it was impressive how 

rare angina was in those who had a slow ven- 
tricular rate. 

Males predominated over females, 65 over 42, 

respectively, as would be expected in any study 

of coronary artery disease. The age of the 

patients in this group ranged from 40 to 85 
with an average of 64 years. 

The various symptoms such as syncope, 

dyspnea, and palpitation occurred in patients in 
the coronary artery disease group with about 
the same frequency as patients in the other 

groups of the study. The average blood pres- 
sure was 176 mm. Hg systolic and 76 mm. Hg 
diastolic. For the most part, the other clinical 

features, such as heart rate, heart size, con- 

gestive failure, and various arrhythmias, were 

not significantly different in patients with 
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coronary artery disease than in patients in the 

other groups. However, episodes of paroxysmal 

ventricular acceleration were recorded elec- 

trocardiographically in 10 of 107 patients with 
coronary artery disease in contrast to only 4 
of the remaining 117 patients in this study. 
There was also a difference in the incidence of 

gallstones in this study (14 in 107 patients in 

the coronary group, 10 in 62 in the hyperten- 

sive group, 2 in the other 55 patients). To be 

sure, the average age of the coronary and 

hypertensive heart disease patients was about 
10 years greater than that of the others. 

Cases of acute coronary thrombosis made up 

a distinct group with certain peculiar char- 
acteristics. Here it is quite clear that the heart 

block was precipitated by a specific event. In 
most of the other types of complete heart block, 

there was no direct cause either for syncopal 

attacks or for the initial development of the 
conduction defect, the process being insidious 

in nature. There was a total of 49 patients 

with acute myocardial infarction who showed 

complete heart block. In 2 of these, the block 
preceded the coronary attack and, in all the 

others, complete heart block developed during 

the early days of the acute infarction. It is of 
interest that heart block occurs about twice as 
frequently with posterior as with anterior 

infarctions. 
In those cases of acute coronary occlusion in 

which complete heart block occurred, the im- 

mediate mortality was significantly high. Of 

the 49: cases, 21 died in the brief period of a 

few days (4 hours to 18 days, average 5.5 
days). Of these 21, 6 had had a previous 
coronary occlusion. Of the 28 who survived the 
immediate coronary insult, it is of interest 

that 23 returned to their previous atrial 

rhythm, 21 to normal sinus rhythm and 2 to 

atrial fibrillation. Five patients continued in 
complete heart block; 2 of these had pre- 
viously had complete heart block, 1 had pre- 

viously had atrial fibrillation, and the other 2 

were undocumented as to their previous 

rhythm. There was one instance in which the 
patient had an acute coronary episode with 

complete heart block and recovered with the 

return of a normal sinus rhythm. Sometime 

later he had a second myocardial infarction 

with a stormy course but survived and main- 

tained a normal sinus rhythm throughout. Of 

these 28 who survived their acute coronary oc- 

clusion, 5 had had a previous similar episode. 

It is very impressive that there was not a 

single instance in which it was known that the 

patient previously had a normal sinus rhythm 

and then developed complete heart block with 
an acute infarction and thereafter continued in 
complete heart block. This observation cor- 

responds with the general cardiologic experi- 

ence in thousands of cases of acute coronary 

thrombosis, for it is extremely rare to see 

permanent complete heart block result as a 
direct sequel of an acute attack of myocardial 

infarction. Permanent complete heart block, as 
shown in this study, must be an extremely 

rare immediate sequel of acute myocardial 

infarction. This is of interest when it is ap- 

preciated that about 2.5 per cent of cases of 

acute myocardial infarction do develop tem- 

porary complete heart block." 
Another peculiarity of complete heart block 

occurring with acute myocardial infarction is 

that the ventricular rate is not infrequently 

more rapid than is customarily seen in other 

types of third degree heart block. Whereas the 
average ventricular rate of all the other cases in 

this study was 36, the average rate of heart 
block when it occurs with acute myocardial 

infarction was 43. Although slow rates of 28 to 

35 did occur, there were 8 in which complete 

atrioventricular dissociation was present with 

ventricular rates of 50 to 60; in fact there were 

2 with ventricular rates over 70, 1 with a rate 

of 75 and another with a rate of 97. In all these 
cases there was electrocardiographic confirma- 

tion that the atria and ventricles were con- 

tracting independently of each other. 

HYPERTENSIVE HEART DISEASE 

The average age, sex distribution, incidence 

of syncope and dizziness, dyspnea, and palpita- 

tion were not strikingly different in this group 

of 62 cases with hypertension from the over-all 

distribution. The pulse pressure average for 

this group was 117, whereas the average for the 

remainder was 81. As would be expected be- 

cause of the classification of these cases, the 

systolic and diastolic blood pressures were 



PENTON, MILLER AND LEVINE 

No. Cases <a Diphtheria 

Acute coronary occlusion 

Coronary artery disease (nonacute) 

Hypertensive heart disease...................| 

Rheumatic heart disease 

Etiology undetermined 
RI os cig in aire s.as Stes Draw oo wsmarnee oe 

Total 

TABLE 7.—Miscellaneous Features in Complete Heart Block 

| 
Bundle Gallbladder Sudden 

branch block disease death 

24 

33 16 

significantly higher. For the most part there 

were only slight differences in the incidence of 

other features, some of which are presented in 

table 7. 
Systolic hypertension was a general feature 

of complete heart block and the diastolic pres- 
sure was, as an over-all average, within normal 

limits. Thus, systolic hypertension might bear 
some relation to the fact that the average age of 
all patients studied was 59.3 years. It is not 
necessary that hypertension be present in every 
patient having complete heart block. A patient 

may be quite fit, with a slow heart rate of 30 to 
35, and still have the systolic not over 130 

mm. Hg. In one patient in this study the 
systolic pressure was as low as 110 mm. Hg. 

It is of interest that, in general, there was a fall 
of systolic and diastolic blood pressure as well 

as pulse pressure with heart rates over 40. 

However, in the hypertensive group the heart 

rate had no effect on the systolic or diastolic 
pressure levels. 

The length of life after the first syncopal at- 

tack, in general, was longer in the hypertensive 

patients than in patients in the coronary artery 
disease group, and the age at death was about 
5 years less than in this latter group. 

It would appear that although hypertension 

is a not infrequent accompaniment of complete 

heart bloc.x, it is not a necessary part of the 

‘ondition, and, when present, has only a slight 

ffect. on the various features and complication 

f heart block. 

RHEUMATIC HEART DISEASE 

The average age of patients in the rheu- 
matic heart disease group (21 cases) was 52.5 

years, in comparison with an average age of 

59.8 years for the other 203 patients. In the 

21 patients in this group, 13 were females and 9 
were males, which is consistent with the general 

predominance of rheumatic mitral stenosis in 
females. Syncope occurred in 39 per cent of the 

rheumatic patients in contrast to 60 per cent 

of the remaining groups. Palpitation occurred 

in 57 per cent as compared with 15 per cent in 
the remaining 203 patients; atrial fibrillation 
occurred in 8 of the 21 rheumatic patients (35 
per cent) in contrast to only 24 of the 203 

patients (12 per cent) in the other groups. 

There were differences in the occurrence of 

some of the clinical features in patients in the 

rheumatic group as compared with all the 
others; syncope 39 per cent and 60 per cent, 

palpitation 57 per cent and 15 per cent, atrial 
fibrillation 35 per cent and 12 per cent, past 
history of rheumatic fever 66 per cent and 1 
per cent, bundle branch block 54 per cent and 

59 per cent. The average ventricular rate in 

the rheumatic group was 45, while in the others 

it was 37; the length of life after the onset of 

syncope was a good deal longer in the rheu- 
matic group, 5.2 years in contrast to 2.8 years. 

The length of life after the onset of complete 

heart block was 3.2 years as compared to 2.4 
years. The average age at death was 62.7 

years while in the others it was 63.2 years. 

There were 12 patients with mitral valve 

disease, 4 with aortic valve disease, and 5 with 

both. Complete heart block was not common 

in rheumatic heart disease in general, for 

there were only 21 such cases out of the many 
hundreds of valvular cases that formed the 
background for this study. When it did occur, 
however, it was a little surprising that mitral 

stenosis or some involvement of the mitral 
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valve was present more frequently than aortic 
valvular disease. It is of interest that complete 

heart block associated with acute rheumatic 
myocarditis is rare, none having been observed 

in this study. A case of transient complete 
heart block associated with an acute rheu- 

matic flare-up was recently called to our 

attention.” 
It is obvious that there should be a much 

greater frequency of a past history of rheumatic 

fever and a greater incidence of atrial fibrilla- 

tion in the rheumatic group than in the others. 
It is also of interest that the patients with 

rheumatic heart disease had a higher ven- 

tricular rate and lived longer after the onset of 

syncope than other patients with complete 
heart block. Although in this study the pa- 

tients with rheumatic heart disease were 
younger than those in the other groups, they 

were still a good deal older than the average 

patient with rheumatic valvular disease, from 

which one could infer that heart block in these 
rheumatic cases required many years for its 

development. 

“ErroLtoGy UNDETERMINED” 

There were 18 patients with complete heart 
block in whom no definite etiologic diagnosis 

could be made. Possible causes that might be 
invoked were an infection early in life accom- 

panied by a transient myocarditis, a congenital 

cardiac defect of conduction unknown to the 
patient or family, trauma to the heart at a 
previous occasion, a toxic myocarditis, allergic 

or some other cause, or some specific response 

of the conduction tissue to noxious agents. 

Nine were males and 9 were females. The 
average age was 44.5 years, the youngest age 
group. Syncope occurred in 8 of the 18 pa- 

tients (44 per cent) and in 122 of the 206 re- 

maining patients (59 per cent). Seven of the 18 

patients (39 per cent) in this group had 

diphtheria, whereas the over-all figure was 33 
in 206 patients (16 per cent). This makes it 
very likely that early diphtheria was related 

to the later development of heart block in 
some of these cases. 

It is of interest that in this group without 

coronary artery disease, valvular disease, or 

hypertension, the average blood pressure was 

132/67 mm. Hg (pulse pressure of 65) whereas 

the average blood pressure in the others was 

171/78 mm. Hg (pulse pressure of 93). Thus 
it is pertinent to point out again that hyper- 

tensive levels are not a necessary concomitant 
part of complete heart block. Alteration of 

heart rates below and above 40 beats per 
minute had very little effect on comparative 

systolic and diastolic blood pressures. Atrial 

fibrillation was present in 4 of the 18 patients. 
The age at onset of syncope, the age at 

onset of complete heart block, and the duration 
of life after the development of complete 

heart block in the two groups, namely those 

with etiology undetermined and all others in 

this study, were as follows: 40.8 years and 
61.5 years, 53.5 years and 60.6 years, and 5.6 

months (4 patients) and 27 months (100 
patients), respectively. The average age of 

death was 55.0 years (5 patients) as compared 
with 63.5 years (121 patients). The youngest 

patient in this entire study having syncope 
was 22 years of age and was among this sub- 

group “etiology undetermined.” 

This group obviously contained cases of 
complete heart block without major organic 

cardiac defects, such as valvular or coronary 

artery disease. Here the heart block appears in a 

purer form. It is of interest that such cases may 
be normotensive, are younger, and _ have 
slightly higher ventricular rates. The greater 

incidence of a past history of diphtheria is also 

of significance and lends interest to the concept 

that an early infection may be conducive to the 
later development of complete heart block. 

Finally, it is our distinct impression that pa- 
tients in this group have a better prognosis as 

far as the duration of life is concerned. Al- 
though there were only 4 cases that were known 
to have died after an average interval of only 
5.6 months after the first onset of complete 

heart block, there are at least 3 others who are 

still alive and well 15, 10, and 9 years after the 

complete heart block was first observed. 

MISCELLANEOUS CASES 

There were 16 patients in this study in 

which there were unusual types of heart disease 
associated with complete heart block. For 

purposes of description we have further sub- 



PENTON, MILLER AND LEVINE 815 

divided this group into those (a) with complete 

heart block produced by pressure on the carotid 

sinus, (b) with complete heart block due to 
syphilitic heart disease, and (c) other cases 
with rare etiologic causes of complete heart 

block. 

Carotid Sinus Group. There were 6 cases in 
this group. These six did not have complete 
heart block prior to carotid sinus stimulation. 
Two had normal sinus rhythm and 4 had 

second degree atrioventricular block. Both of 

the first 2 and 2 of the latter 4 had ventricular 
asystole during carotid sinus stimulation at a 
time when the atria were contracting though a 
little more slowly than before. In all instances 
the rhythm returned to the state that preceded 
the carotid sinus test. Two of the cases that 
showed partial block manifested transient 
complete atrioventricular dissociation during 

the test. A follow-up observation in these 6 

cases revealed that 2 subsequently had tran- 
sient complete heart block, 2 developed 
permanent complete heart block, and 1 still 
showed the same partial heart block that was 

previously present 4 years later; in 1 the sub- 
sequent course was not ascertained. 

One of the 6 cases presented some interesting 
features. This patient was a physician 46 

years of age. He had had previous syncope and 
also complained of dizziness. During carotid 
sinus stimulation ventricular asystole oc- 

curred and the atrial rate was little disturbed; 
he also had similar spontaneous episodes with 

the return to normal sinus rhythm. At other 

times he developed brief episodes of spon- 

taneous complete atrioventricular dissociation. 

During this time following a brief exercise 
test the atrial rate would accelerate and inde- 
pendent ventricular rhythm would result 

temporarily; as the atrial rate returned te the 
ore-exercise level, normal sinus rhythm would 
return. Finally, two years later, permanent 

stable complete heart block developed and has 
versisted for some years. He is at present quite 

it and carrying on an active practice. 

It would appear that in patients who have 
iad syncope, if carotid sinus stimulation results 
n temporary ventricular asystole with con- 

tinuation of atrial activity or in transient 

complete atrioventricular dissociation, the 

subsequent development of complete heart 
block is likely to occur. 

Syphilitic Heart Disease. There were only 2 

cases of complete heart block in this group. 
Both were males and both had syncope, en- 

larged hearts, and bundle branch block. One 

had a blood pressure of 205/50 and had con- 
gestive heart failure, with a ventricular rate of 
51 beats per minute. The other had a blood 
pressure of 140/55 and a heart rate of 20 but 
did not have congestive heart failure. Post- 

mortem examination of the former patient 

showed a gumma in the region of the septum. 

Inasmuch as syphilitic heart disease in general 
is becoming increasingly infrequent, this un- 
usual form of heart block is likely to become 

extremely rare in the future. 

Rare Ettologic Causes of Complete Heart 
Block. Because of the peculiar nature of each of 

these cases, a brief description follows: 

Case REpPoRTS 

Case 1. J.A., a 21 year old man who, after having 
an infection of the foot, developed partial block and 
then permanent complete heart block; he had no 
syncope. He showed a blood pressure of 115/60, a 
heart rate of 32, and left bundle branch block. He 
lived for 24 years after the onset of complete heart 
block. Inasmuch as there are rare instances of 
localized pyogenic abscesses in the heart muscle, it 
is not unlikely that such an infection occurred in this 
case, which healed and resulted in a permanent 
complete heart block. 

Case 2. L.S., a 28 year old man who had been 
told that he had a slow heart during an attack of 
diphtheria as a child; it was not known what his 
rate was during the remaining years of childhood 
but from the ages of 18 to 28 he knew that his heart 
was slow. When examined at the age of 28 he had 
complete heart block and a ventricular rate of 44; 
the blood pressure was 115/60. He had never had 
syncope. The relationship of diphtheria and com- 
plete heart block has been discussed in greater detail 
earlier in this paper. 

Case 3. J.V., an 82 year old man, was a patient 
who had syncope three weeks prior to admission. 
His blood pressure was 160/90 and the heart rate 
was 37. He had a calcified mitral annulus by x-ray 
examination. Such calcification as a concomitant of 
heart block is probably not infrequent." 

Case 4. J.D., a 12 year old boy, was a patient in 
whom heart block had been noted at the age of two 
weeks and had subsequent heart rates varying from 
53 to 135 during the 12 years prior to entry. He had 
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a murmur suggestive of ventricular septal defect. 
His blood pressure was 125/75 and the heart rate 
when last seen was 47. He has had no syncope. He 
is now 33 years old and employed as a laborer. This 
probably is an instance of congenital heart block. 

Case 5. R.K., a 10 year old boy, was a patient 
who was born with a slow heart and a “leaky valve,” 
had pneumonia two weeks prior to admission, and 
had an irregular pulse with the rate of 21; the first 
heart sound varied in intensity. Years later he had 
a cerebral episode at the age of 27 with a heart rate 
reported as 45 beats per minute. This is another 
instance of congenital heart block. 

Case 6. M.C., a 28 year old woman, had had no 
syncope but had had renal shutdown after trauma 
and hematuria followed by bilateral staghorn calculi. 
She developed oliguria with no benefit from nephros- 
tomy, and later had uremia. She developed complete 
heart block during the last six days of life. Post- 
mortem findings included deposits of calcium 
crystals in the myocardium. One may speculate that 
the calcium deposits in the heart muscle may have 
impaired conduction in the A-V node or bundle 
of His. 

Case 7. C.R., a 50 year old man, for three weeks 
prior to admission had had a chest cold, lassitude, 
generalized aching, chills, fever, and night sweats. 
Three days after admission he developed complete 
heart block and syncope and died 11 days later. 
Postmortem findings revealed vegetations in the 
right ventricle and a necrotic cavity in the inter- 
ventricular septum extending to the bundle of His. 

Case 8. H.T., a 35 year old man, had experienced 
blurred vision and syncope four years prior to admis- 
sion and for two months prior to admission had had 
recurrent syncope. This patient had a precordial 
systolic murmur and was regarded as having prob- 

able congenital interventricular septal defect. 

A review of the above 8 cases would indicate 

that complete heart block may result on rare 

occasions from a variety of causes. Unusual 
mechanisms should therefore be sought for in 

any case of complete heart block where the 

more common causes, such as hypertensive 
heart disease, valvular disease, or coronary 

artery disease, are lacking. 

DiGiTaLis INTOXICATION 

In addition to nausea, vomiting, and yellow 

vision, it is well known that cardiac arrhyth- 

mias are manifestations of overdosage of 

digitalis and its glycosides. In this study there 

were 27 cases of complete heart block due to 

digitalis. There were 15 males and 12 females; 

the average age of patients in this group was 52 
years with a range of 13 years to 80 years. 

Those in the digitalis group represent 11 per 

cent of all patients in this study. Two patients 

had hypertensive heart disease, 4 had myo- 
carditis of undetermined cause, and of the 21 

remaining, 17 had rheumatic valvular disease 

and 4 had a history of rheumatic fever without 
valvular disease. In the 27 patients placed in 

this group, there was an obvious relation be- 
tween digitalis administration and complete 

heart block. Therefore, the block was of a tran- 

sient or intermittent type in 17 of the 21] 

patients in this group who died with complete 
heart block. Features such as palpitation, blood 

pressure (the average was 148/78), heart size, 

and partial heart block were no different in 
this group than in the others. It was of interest 

that syncope did not occur in any patient 

during the period of complete heart block due to 

digitalis intoxication. This is unusual in that 

syncope occurred in 137 (61 per cent) of the 

other 224 cases and was about equally frequent 

in each of the various groups. The heart rate 

was higher in this group (54 beats per minute) 

than in any other group (over-all average 38 

beats per minute). The range of the heart rate 
was 32 to 98 beats per minute. Atrial fibrillation 

was present in 17 patients (63 per cent) in 

contrast to 43 of the other 224 patients (19 

per cent). This would be expected because of 

the nature of the cases making up this group. 

Other arrhythmias were present prior to the 
development of complete block. Ventricular 

premature beats were recorded in only 4 cases 

and transient ventricular fibrillation in 1 case. 

Bundle branch block was noted in 4 of the 27 

cases (15 per cent) but occurred in 122 of the 

other 224 cases (55 per cent). All the patients 

in this group received digitalis because of con- 

gestive heart failure. Five patients had _ re- 
ceived intravenous strophanthin during hos- 

pital admissions prior to 1920. 
In general, it can be stated that excessive 

doses of digitalis are occasional causes of com- 

plete heart block. One can add that it is a very 
rare occurrence considering the fact that so few 

of the thousands of cardiac patients who re- 
ceived digitalis therapy in this hospital de- 

veloped complete heart block. The impression 
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is gained that this complication arises in very 

sick patients who are not responding to medi- 

cation, and in whom one is tempted to push the 
drug in a last hope of improving the circulation. 

In these patients with complete heart block the 
ventricular rate is apt to be more rapid than in 

other patients with complete heart block and 

syncope is extremely rare. The block will dis- 
appear when the drug is discontinued provided 
the patient survives. This group differs from 

some of the other groups in that bundle branch 

block is less common and a past history of 

diphtheria is very rare (1 out of 27). 

TREATMENT 

Before embarking on the therapy for com- 

plete heart block, one naturally would prefer to 

have the diagnosis well established. Actual 

recognition of complete heart block, if it 

persists, is a fairly simple matter. A more 

difficult problem is presented when patients 

have fainting spells of short duration, but when 

seen by the physician, show little or no evidence 
of conduction defect. They may then be readily 

confused with, or actually misdiagnosed as, 

cases of hysteria, major or minor epilepsy, or 

other disease entities. Occasionally no satis- 

factory diagnosis can be made until the case is 
carefully observed during an actual spell. 

Treatment of complete heart block consists 
of two parts. The first and generally the most 
urgent is the treatment, immediate or pre- 

ventive, of the syncopal attacks. The second is 

the treatment or the management of the more 
static slow heart rate that generally accom- 

panies this condition. When syncopal attacks 

come rarely, i.e., at intervals of many months 

or years, it is obviously difficult to outline a 

program of therapy to prevent recurrences. 

One will have to administer a specific medica- 

tion or other mode of therapy daily and 

constantly for a very long time before one can 

be convinced that attacks are being prevented. 

However, if the attacks recur frequently, every 

few minutes, hours, or days, one can quickly 

determine whether or not any given procedure 

is effective. One can readily see, therefore, that 

under certain circumstances heroic measures 

might be needed when syncopal seizures ap- 

pear to be imminent and critical, while at other 

times no constant therapy might be indicated. 

A further therapeutic consideration is the 

set of circumstances under which heart block 
with or without periods of asystole may arise. 

The therapy of a case of Adams-Stokes disease 

occurring acutely in the midst of an attack of 
acute myocardial infarction with accompanying 

prolonged shock may demand one method of 

treatment while similar asystole coming as an 

isolated event in a patient with well com- 

pensated hypertensive heart disease, or with no 

other important cardiac disability, might de- 
mand an entirely different therapeutic ap- 

proach. 

Before undertaking the type of therapy for 

an attack of syncope, it would be very helpful 

if we could establish the exact physiologic 

nature of the episode. As has been discussed 

before, in general, there are two possible mech- 

anisms involved: (1) a sudden ventricular 

arrest not preceded by any ventricular irri- 

tability and (2) a condition in which the initial 
events are ventricular extrasystoles or ven- 

tricular tachycardia ending in ventricular 

flutter or fibrillation. Electric inactivity with 
the arrest of the heart in cases showing the 

latter disturbance may take place after a few 

premature beats or after a more lengthy in- 

terval of ventricular irritability and accelera- 

tion. It is generally impossible to distinguish 

one type from the other because electrocardio- 

grams are rarely available the moment these 

sudden events occur. However, one may suspect 

that ventricular acceleration precipitates at- 

tacks if it is possible to obtain evidence that 

ventricular extrasystoles or tachycardia have 
been occurring during the intervals between 

major episodes. Likewise, the detection of 
short pauses without ventricular acceleration 

at different times would favor the first of the 
two mechanisms as a cause. 

Therapy for the Acute Attack. Sympatho- 

mimetic amines have been regarded as having 

the most potent effect on the rhythmic func- 
tion of the heart.'* In complete heart block our 

attention is focused on the fundamental 
properties of the heart, particularly those of 
rhythm and conduction. Sympathomimetic 

amines such as epinephrine, n-isopropyl- 
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norepinephrine (Isuprel), and ephedrine 
appear to have the effect of stimulating the 

rhythmic function of the heart. Other sym- 

pathomimetic amines such as Neosynephrine, 
norepinephrine, methoxamine (Vasoxy]), and 

Wyamine have little or no effect on increasing 

the rhythmic function of the human heart and, 

therefore, serve little or no purpose in increas- 

ing the heart rate in complete heart block. 

For the acute attack of asystole when heroic 
measures are indicated, epinephrine 0.3 ml. to 

0.5 ml. of 1:1000 aqueous solution should be 

administered by intracardiac injection if the 

circulation has ceased; this is imperative as 

standstill affords no means of transportation 

of the medication to the coronary arteries and 

thence to the rhythmic foci of the heart itself. 
If the peripheral circulation is effective, then 

the epinephrine can be administered paren- 

terally. This may be repeated at frequent 

intervals as the apparent duration of the 

accelerating effect is about 8 to 15 minutes. 
Constant intravenous drip may also be ef- 

fectively employed. Subcutaneous doses of 0.5 

ml. of 1:1000 aqueous solution or 0.5 to 1.0 ml. 

of 1:500 epinephrine in oil solution intra- 

muscularly are also effective. The time interval 

of administration is dependent upon the degree 

of responsiveness; one patient may require an 

injection every two hours while another pa- 

tient may require an injection every hour. 

More recently isoproterenol (isopropyl- 

norepinephrine, Isuprel) has been introduced 

and found to be effective in increasing the 
rhythmic function of the heart.'®: ‘® This may 

be administered in doses of 0.02 mg. intra- 

venously or by intracardiac injection. It may 

be repeated every 10 to 15 minutes. The 
subcutaneous dose is 0.2 mg. every 40 to 60 

minutes. A constant intravenous infusion at the 

rate of 2 to 6 ug./min. has been administered. 

Constant attention must be given to the cardiac 
mechanism as the infusion should be titered to 
the desired heart rate and should be discon- 
tinued if the patient unblocks and the normally 

conducted impulse is initiated. 
On recent theoretic grounds it is possible 

that adrenal steroids may be of value in heart 
block. The rationale for such therapy is based 

on the following observations.'® In a group of 

50 patients with Addison’s disease the mean 

P-R interval measured 0.18 second, and 20 

per cent exhibited heart block during some 

phase of their disease. In a group of 34 patients 

with Cushing’s syndrome, the mean P-R 

interval duration was 0.14 second and A-V 

conduction was consistently shortened when 

the underlying disease was adrenal hyperplasia. 

The abbreviation of the P-R interval appeared 

to correlate with the urinary 17-ketosteroid 

excretion. Administration of cortisone to pa- 

tients with Addison’s disease and resection of 

the hyperplastic adrenal gland in patients with 

Cushing’s syndrome respectively shortened and 

lengthened the P-R interval. When cortisone is 

given to patients without endocrine disorders, 

there is likewise a decrease in this interval. It 

may be that adrenal steroids participate in 

facilitating A-V conduction. 

In the acute attack, irritation of the heart 

with a direct needle prick may stimulate 

systole. The external pacemaker may also serve 
a useful purpose” and direct massage of the 
heart can be a lifesaving procedure. Recently, 

sodium lactate intravenously has been sug- 

gested as useful in therapy.'® 

In patients having Adams-Stokes attacks 

associated with acute myocardial infarction, 

the shock state is an added threat. The prac- 

tical importance of maintaining a pacemaker as 

well as the peripheral circulation is obvious. 

Theoretic considerations and data accumu- 
lated thus far would lend support to the belief 

that the cardiogenic factor rather than the 

peripheral vascular factor is the important 

feature of preventing the shock state. In- 

travenous isoproterenol not only increases the 
rhythmic function but also increases the 

peripheral systolic and diastolic blood pres- 
sures, if shock has been previously present. 

If the acute attack is identified as ventricular 
acceleration it would seem that certain cardiac 
depressants might be preferred, but the effects 

are not altogether clear. It is a common ex- 

perience that in patients who have ventricular 

tachycardia or ventricular fibrillation but do 

not have complete heart block, procaine amide 

and quinidine can be beneficial and epinephrine 
harmful. But the situation is not so simple when 

the patient has complete heart block. Here the 
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ame sequence of events does not prevail as 
vhen complete heart block is not present, and 

t would seem that procaine amide, quinidine, 
ind possibly potassium should not be used.!% 2° 

If the acute attacks occur and one is unable 
o identify their mechanism, the recommended 
‘ourse to be followed is one in which asystole 

s assumed to be the underlying cause. 
Therapy for Prevention of Subsequent Attacks. 

The administration of therapeutic agents will 

lepend upon the frequency of the attacks. If 

he attacks are rare and very infrequent, 
erhaps no therapy is indicated. However, if 

they are frequent, sublingual isoproterenol 

in doses of 15 to 30 mg. every four hours or 

ephedrine sulfate, 25 to 50 mg. 4 times daily 
may be of value. Occasionally barium chloride, 
30 mg. in 4.0 ml. solution 4 times daily, will be 

found useful. Aqueous epinephrine, 1:100 as a 

nebulizer spray; epinephrine in oil, 1:500 

intramuscularly once or twice daily; isopro- 

terenol, 1:200 as a nebulizer spray, or atropine 

in isolated circumstances may all be measures 
worthy of trial. When the heart rate is slow, 

18 to 22 beats per minute, and the patient is in a 

semistupor, any possible means of increasing 

the rate should be employed. 

Thyroid gland has been recommended for 
complete heart block, but its value is uncertain. 

Ammonium chloride by its acidifying effect 

may theoretically be beneficial. In 1 patient 
who had syncopal attacks in which the heart 
would stop regularly on holding a deep inspira- 
tion, the condition was immediately controlled 
on large doses of ammonium chloride. This 

patient also had occasional spontaneous at- 

tacks that did not appear to be related to 
respiration. In this series, one patient received 
“0 mg. of corticotrophin over a 12 hour period 

iitravenously and the heart rate decreased, 
1e patient appeared critical, pale, moist, and 
‘eak. More complete evaluation of the role 

:nd effect of adrenal steroids is necessary. We 

elieve strychnine, Metrazol, picrotoxin, Cor- 

‘mine, and caffeine are of little or no value in 
ie treatment of Adams-Stokes disease. (If 

mmplete heart block is a result of quinidine 

ierapy, however, caffeine, oxygen, and 

rtificial respiration would be indicated.) 

An attempt was made to evaluate the role 

of cardiac depressants such as quinidine, 
Pronestyl (procaine amide), and potassium in 

ventricular acceleration—ventricular tachy- 
cardia, ventricular flutter, ventricular fibrilla- 

tion. It has been thought that these compounds 
might be of value in Adams-Stokes attacks 

when these abnormal ventricular rhythms are 

present. These drugs suppress the rhythmic 

function of the heart but prolong conduction 
and suppress myocardial contractility. Para- 
doxically, the administration of procaine amide 
and quinidine may actually result in the pro- 

duction of ventricular accelerated rhythms 

when given to patients with complete heart 

block. Although it is not simple and clear-cut, 
these drugs should probably not be employed 

at any time if complete heart block is present. 
In those patients who have complete heart 

block and in whom congestive heart failure 

develops, digitalis therapy should be employed 
with somewhat more careful supervision. Other 

usual treatment for decompensation such as 
ammonium chloride, aminophyllin, and diu- 

retics should be used as necessary. It is not 

altogether clear whether digitalis has a bene- 
ficial effect in those patients who do not have 

objective signs of failure. It is controversial 

whether there is any value in trying to slow 

the atrial rate so as to enhance a 2:1 partial 

block in patients having complete heart block. 

DISCUSSION 

There is some vagueness concerning the 

definition of Adams-Stokes disease. By some 
it is confined only to those who have a slow 

ventricular rate, the atria beating inde- 

pendently and more rapidly, and who are also 

subject to attacks of syncope. Others would 

include patients with syncopal attacks who 

display periods of asystole but at other times 

do not show atrioventricular dissociation. Heart 
block of varying degree may be present in such 

cases during the short periods of the major 

episodes, but with recovery, little evidence of 

conduction defect such as P-R interval of 0.22 
second or incomplete bundle branch block, may 

remain. In this present review we have included 
all cases that had complete atrioventricular 

dissociation with an independent ventricular 

rate slower than the atrial whether the atria 
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were contracting or fibrillating, and also 

whether or not there had been syncopal at- 

tacks. 

It is evident that complete heart block oc- 
curs in a great variety of conditions; in the 

young and in the old, with valvular or non- 

valvular disease, with or without hypertension, 

in a transient or permanent form, as a direct 

result of excessive digitalis administration, or 

as a consequence of a great variety of etiologic 

causes. The most common cause is coronary 

artery disease with resultant myocardial fibro- 

sis. There is reason to believe that some other- 

wise benign infections, from which patients 

apparently make a complete recovery, can be 

responsible for the development of heart block 
many years later in some instances. In such 

cases a transient myocarditis may have in- 

volved the conduction apparatus, only to 

manifest its dire consequences many years 

later. Among these early infections diphtheria 

formerly was a prominent one. Many other 

simple infections such as measles, mumps, 

scrub typhus, undulant fever, infectious 
mononucleosis, poliomyelitis, and others may 

also be in this category. It is difficult to have 
pathologic proof of this because these patients 

obviously recover from the early infection. 
Indirect evidence to support this view would be 

afforded if some of these rare cases of transient 
conduction defects occurring in benign infec- 

tions were followed and years later found to 

have heart block. We know of no such for- 
tuitous recorded cases. An example of a well- 
documented fatal form of myocarditis of 

undetermined origin that did manifest com- 
plete heart block with syncopal attacks has 

been published.?! If such a case had recovered 

and eventually developed Adams-Stokes at- 

tacks, this would have been proof of the above 
concept. 

The clinical picture presented by patients 

with complete heart block also varies greatly 

from case to case. There are instances where 
syncope never occurs and the patient feels fit 

and able to carry on normal or even strenuous 

activities. In others, syncopal attacks may be 

frequent, occasionally presenting the picture of 

status epilepticus. It is obvious that heroic 

therapeutic measures might be necessary under 

the latter circumstances, whereas with the 

former no medication whatever would be 
needed for years at a time. 

The actual cause for ventricular arrest or 
acceleration remains a mystery. The structural 

disease that is present in these patients is for 
the most part unalterable, except in acute 

cases such as those with acute myocardial in- 

farction. The accompanying heart disease is the 

same before, during, and after the actual syn- 

cope. What, therefore, could be the trigger 

mechanism that produces the asystole and 

what is the mechanism that restores the heart 

beat? The two factors that can act instanta- 

neously are neurogenic or changes in the caliber 

of vessels, or both. A nerve reflex may suddenly 
prevent or augment the formation of impulses. 

A sudden constriction in the caliber of the 
minute arteriole supplying the conduction 

tissue can conceivably produce an arrest of the 
heart. With these mechanisms, the chemical 

state of the involved tissue may be sufficiently 
altered to impair its function. Furthermore, 

the process must be reversible as the attacks 
so often cease spontaneously. Is there some 

chemical substance that is released within the 
body or accumulates in the involved tissue 

that finally reverses the deleterious process that 
is going on? These are questions that at 

present are unanswered. 
As is true in many aspects of heart disease, 

some of the events that occur in heart block are 
entirely unpredictable. This is_ particularly 
true of the attacks of faintness and actual 

syncope. Some cases of complete block need the 

customary treatment for congestive failure; 

others are completely free of congestive symp- 

toms and remain so indefinitely and therefore 

require no such treatment. In the main, therapy 

is directed at the actual attacks of syncope. 

SUMMARY 

A review was made of 251 cases of complete 

heart block. These were divided into the fol- 

lowing groups: coronary artery disease (non- 

acute), 58 cases; myocardial infarction (acute), 

49 cases; hypertensive heart disease, 62 cases; 
rheumatic heart disease, 21 cases; “etiology 

undetermined,” 18 cases; miscellaneous, 16 

cases; and digitalis intoxication, 27 cases. The 
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main analysis concerned the 224 cases not 

related to digitalis. 
Of the 224 cases, 127 (57 per cent) were 

males and 97 (43 per cent) were females. The 

age when first observed by us varied from 10 to 
85 years (average 59.2 years) with 84 per cent 

occurring between 41 and 80 years. The 

youngest group was the one designated 
“etiology undetermined.” The average age at 
death in 126 fatal cases was 63.2 years. 

Syncope occurred in 137 cases (61 per cent). 
There were no instances of syncope in the 

“digitalis group.” The average duration of life 

after the first syncopal attack, excluding those 

who died of acute myocardial infarction, was 

6.9 years (range, several hours to 11 years). 

In many instances syncope preceded complete 
heart block by a few months to a few years. 

Palpitation was a definite symptom in 43 

cases. It was a little more common in those 
with a more rapid ventricular rate. Only oc- 

casionally was this symptom helpful in deciding 
whether attacks of syncope were initiated by 
ventricular acceleration. 

Congestive heart failure was present in 

about 40 per cent of the cases. This could 
precede, accompany, or follow the onset of 

complete heart block. On the other hand, 

anginal pain was extremely rare during es- 

tablished complete block with slow ventricular 

rates. 

The ventricular rate during complete heart 

block varied from 16 to 97 (average 38). Six 

patients had rates over 60 (excluding the 

digitalis group). Although the ventricular rate 
is generally regular, in many patients slight 

irregularities were present. 

Although cardiac enlargement of some 

legree was found in 140 of 224 cases, there 

were 47 in which no enlargement was detected 

'y x-ray examination. In one instance known 

o have had complete heart block for 15 years, 

ardiac enlargement was never demonstrable. 

Bundle bra ‘ock was noted in 122 cases, 
2 of the left and 60 of the right type. First or 

second degree atrioventricular block was pres- 
‘nt before or after complete heart block in 67 

nstances. In 57 cases atrial fibrillation was 

resent, 14 of these were in the “digitalis 

ntoxication” group. Ventricular tachycardia 

or ventricular fibrillation, either transient or 

terminal, was observed in 15 cases. 

In 176 cases the block was permanent, in 29 

it was transient, and in 19 there were repeated 

bouts of transient complete block. Single 

episodes were most common in the group of 
acute myocardial infarction. 

The longest duration of heart block proved 

by electrocardiogram was 21 years, although 
one patient was known, on clinical examination, 

to have had a block for 47 years. The average 
duration of life after the first syncopal attack, 

including those who died within a few days of 

acute myocardial infarction, was 35.2 months, 

and after the first appearance of complete 

heart block it was 26.2 months. 
As to etiologic causes, statistical evidence 

was presented to support the view that early 

diphtheria was related in some cases to latent 

heart block. Syphilis was a cause in only two 

instances. There was reason to believe that 

minor infections early in life might well have 

been the cause in some cases. In the majority 
of instances, disease of the coronary arteries 
was the main cause. 

Gallbladder disease, generally with stones, 

was a frequent finding, and cholecystectomy 

appeared to alter the condition favorably. 

Nineteen patients underwent 24 major surgical 

operations without any operative mortality. 
One hundred twenty-seven of these cases 

were known to have died. The mode of death 

was known in 89 instances. Sudden death oec- 

curred in 39 instances and was about three 

times as common in those who had had syncope 

than in those who had not. 

Of particular interest was the group who had 

complete heart block during acute myocardial 

infarction. The immediate mortality was high, 

21 of 49 cases. In all those who survived, the 

rhythm returned to the one which prevailed 

before the myocardial infarction. Another pe- 

culiarity was the ventricular rate in this group; 

often it was more rapid than is customarily 

seen in complete block. 

The hypertensive group was large (62 cases). 

Hypertension was also present in many of the 

cases classified in the other groups, particularly 

those with coronary artery disease. However, 
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an elevated blood pressure was by no means a 
necessary accompaniment of complete heart 
block. 

There were only 21 cases of rheumatic heart 

disease; 12 had mitral valve disease, 4 had 

aortic valve disease, and 5 had both. It is clear 

that complete heart block is an uncommon com- 

plication of rheumatic valvular disease. 

There were 18 cases with “etiology undeter- 

mined.”’ In these, some otherwise innocent in- 

fection early in life might have been the cause. 
In general, patients in this classification had a 

better prognosis. 
There were 16 cases that made up the mis- 

cellaneous group. In these cases sensitive ca- 

rotid sinus, syphilitic infection, and other 

interesting and peculiar factors such as an in- 

fected foot, calcium deposits in the heart asso- 

ciated with uremia, and congenital heart dis- 

ease, formed the background for the heart 

block. 
Digitalis intoxication was a direct cause of 

complete heart block in 27 instances. Here the 
condition was transient or terminal. Syncope 

did not occur in this group, and the ventricular 

rate was somewhat higher than in the other 

paSeS. 
Various methods of treatment both for the 

acute episode and for the prevention of recur- 
rences were analyzed. Therapeutic agents 

which increase the rhythmic property of the 

heart, such as epinephrine, isoproterenol, 

ephedrine, and a mechanical cardiac pacemaker 
were found to be useful. 

SUMMARIO IN INTERLINGUA 

Esseva facite un revista de 251 casos de com- 

plete bloco cardiac. Le serie total esseva divi- 
dite in le sequente gruppos: 58 casos (non- 

acute) de morbo de arteria coronari, 49 casos 
(acute) de infarcimento myocardial, 62 casos de 

morbo cardiac hypertensive, 21 casos de morbo 

cardiac rheumatic, 18 casos a “etiologia inde- 

terminate,’ 16 casos miscellanee, e 27 casos de 
intoxication a digitalis. Le analyse principal se 

restringeva al 224 casos non relationate a 

digitalis. 
Le 224 casos includeva 127 masculos (57 pro 

cento) e 97 femininas (43 pro cento). Le etate 

del patientes quando illes esseva primo obser- 

vate per nos variava ab 10 a 85 annos. Le etate 

median esseva 59,2 annos, e 84 pro cento del 

patientes habeva inter 41 e 80 annos. Le gruppo 

le plus juvene esseva le casos a etiologia inde- 

terminate. Le etate median al tempore del 

morte in le 126 casos mortal esseva 63,2 annos. 

Syncopes occurreva in 137 casos (61 pro 

cento). Nulle caso de syncope occurreva in le 

gruppo a digitalis. Le duration median del 
superviventia post le prime attacco syncopic 

(non includente patientes qui moriva ab acute 

infarcimento myocardial) esseva 6,9 annos, con 

limites minimo-maximal de alicun horas e 11 

annos. In le majoritate del casos, syncope pre- 

cedeva complete bloco cardiac per un periodo 

de inter alicun menses e alicun annos. 

Palpitation esseva un symptoma definitive 

in 43 casos. Illo esseva alique plus frequente in 

patientes con augmentate frequentias ventri- 

cular. Iste symptoma adjutava nos solmente in 

rar casos a decider si attaccos de syncope esseva 

initiate per acceleration ventricular. 
Congestive disfallimento cardiac esseva pre- 

sente in circa 40 pro cento del casos. Isto po- 

teva preceder, accompaniar, 0 sequer le decla- 

ration del complete bloco cardiac. Del altere 

latere, dolor anginal esseva extrememente rar 

durante establite bloco complete con reducite 

frequentia ventricular. 

Le frequentia ventricular durante complete 
bloco cardiac variava ab 16 a 97 (con un valor 

median de 38). Sex patientes habeva frequen- 

tias de plus que 60 (non includente le gruppo a 
digitalis). Ben que le frequentia ventricular es 

generalmente regular, in multe patientes il 
occurreva leve irregularitates. 

Ben que allargamento cardiac esseva cons- 

tatate in 140 ex 224 casos, il habeva 47 casos in 

que nulle allergamento cardiac esseva detegite 

per le examine roentgenologic. In un patiente 
con complete bloco cardiac de un duration con- 

firmate de 15 annos, nulle allargamento cardiac 

esseva unquam demonstrabile. 

Bloco de branca esseva notate in 122 casos, 

de branca sinistre in 62 e de branca dextere in 
60 casos. Bloco atrio-ventricular del prime o 

secunde grado esseva presente ante o post com- 
plete bloco cardiac in 67 casos. In 57 casos il 
habeva fibrillation atrial. Dece-quatro de iste 
casos pertineva al gruppo de patientes con 
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‘intoxication a digitalis.” Tachycardia ventri- 

ular o fibrillation ventricular, transiente o 

erminal, esseva observate in 15 casos. 

In 176 casos le bloco esseva permanente. In 

9 illo esseva transiente. E in 19 casos il habeva 

epetite episodios de transiente bloco complete. 
\pisodios unic esseva le plus frequente in le 
‘ruppo de acute infarcimentos myocardial. 
Le plus extense duration de bloco cardiac, 

lectrocardiographicamente demonstrate, es- 

seva 21 annos, sed in un patiente evidentia 

‘linie esseva disponibile que indicava bloco 

eardiac de un duration de 47 annos. Le super- 
viventia median post le prime attacco syncopic 

includente le patientes qui moriva intra alicun 
dies in consequentia de infarcimento myocar- 
lial) esseva 35,2 menses; post le prime mani- 

festation de complete bloco cardiac, illo esseva 

26,2 menses. 

Quanto al question etiologic, nos ha presen- 

tate datos in supporto del conclusion que le 
precoce occurrentia de diphtheria esseva rela- 
tionate in certe casos con le disveloppamento 
de un latente bloco cardiac. Syphilis esseva le 

causa in solmente duo casos. In un serie de 

casos il habeva justificationes a vider le causa 

in minor infectiones in juvene annos del vita. 

In le majoritate del casos morbo del arterias 
coronari esseva le causa principal. 

Morbo del vesica biliari, generalmente con 

caleulos, esseva un observation frequente, e 
choleeystectomia pareva influentiar le condi- 

tion favorabilemente. Dece-nove patientes 

esseva subjicite a 24 major operationes chirur- 

rie sin ulle mortalitate operatori. 

In 127 casos il esseva cognoscite que le 
atientes esseva morte. Le modo del morte 

‘sseva cognoscite in 89 casos. Mortes subitanee 

sseva characteristic de 39 casos; illos esseva 

irea tres vices plus commun in patientes con 

yneope que in patientes qui non habeva habite 

yncopes. 
De interesse special esseva le gruppo de pa- 

entes qui habeva complete bloco cardiac 
urante acute infarcimento myocardial. Le 
ortalitate immediate esseva alte: 21 inter 49 
asos. In omne le superviventes le rhythmo 
‘tornava al forma prevalente ante le infarci- 

1ento myocardial. Un altere peculiaritate in 

‘te gruppo esseva le frequentia ventricular: 

frequentemente illo esseva plus alte que lo que 

es commun in casos de bloco complete. 

Le gruppo hypertensive esseva grande. Illo 
includeva 62 casos. Hypertension esseva etiam 
presente in multes del casos classificate in le 

altere gruppos, specialmente in le gruppo de 
morbo del arterias coronari. Tamen, elevation 

del pression sanguinee esseva non del toto un 

accompaniamento necessari de complete bloco 
cardiac. 

Il habeva solmente 21 casos de rheumatic 

morbo cardiac: 12 con morbo de valvula mitral, 

4 con morbo de valvula aortic, 5 con ambes. Il 

es clar que complete bloco cardiac es un compli- 

cation non commun de rheumatic morbo 
valvular. 

In 18 casos le etiologia esseva ‘‘indetermi- 

nate.’’ In illos un alteremente innocue infection 

durante epocas precoce de) vita esseva possibi- 

lemente le causa. In general, patientes in iste 

gruppo habeva un melior prognose. 

Le gruppo miscellanee consisteva de 16 casos. 

In iste casos le bloco cardiac esseva associate 

con sensibile sinus carotide, infection syphilitic, 

e altere interessante e specialisate factores, 
como per exemplo infection del pede, depositos 

de calcium in le corde in combination con ure- 
mia, e congenite morbo cardiac. 

Intoxication a digitalis esseva le causa directe 
de complete bloco cardiac in 27 casos. In illos le 
condition esseva transiente o terminal. Syn- 
cope non occurreva in iste gruppo, e le fre- 

quentia ventricular esseva alique plus alte que 
in le altere casos. 

Es analysate varie methodos de tractamento, 

tanto pro le episodio acute como etiam pro le 
prevention de recurrentias. Agentes therapeutic 
que augmenta le rhythmicitate del corde (p.ex. 
epinephrina, isoproterenol, e ephedrina) e le uso 

de un mechanic pacemaker cardiac se mons- 

trava utile. 
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The Hemodynamic Results of Surgical 
Correction of Atrial Septal Defects: 

A Report of Thirty-three Cases 

B Joun W. Kirkurn, M.D., Wititiam H. Werpman, M.D., Jonn T. Burrovucus, M.D., Howarp 
B. BurcuHeti, M.D., anp Eart H. Woop, M.D., Pu. D. 

An experience with surgical treatment for atrial septal defects in 59 patients has given evidence as 
to the safety and efficacy of the procedure utilizing the atrial-well technic. Data from the first 33 
cases of this series are presented in detail, to allow analysis by others of the basis for these conclu- 
sions. 

r HE accumulation of accurate informa- 

tion as regards operative mortality and 

results of surgery is basic to the ad- 

vancement of the surgical management of any 

disease. It has been amply demonstrated by 

Lewis and Taufic,! Swan,? Gross and asso- 

ciates,? Bailey and associates, Bjérk and 

Crafoord,® Gibbon,® Shumacker’ and ourselves® 
that a number of technics of closure of atrial 
septal defects can be performed in man. It is 

likely that no one method in the near future 
will supplant all other technics at present in 

use. Advancement of knowledge in the treat- 

ment of this condition depends on the evalua- 

tion of the results obtained by each of these 

operative technics. 

It is the purpose of this paper to present in 

detail the results of operation in our first 33 

patients with atrial septal defect and left-to- 
right shunt. To Dec. 1, 1955, 59 patients with 

atrial septal defects and left-to-right shunts, 

eit ier alone or in combination with right-to-left 

nts, have been treated by the atrial-well 

tec nie (with two exceptions as noted later in 

th: : paper) at the Mayo Clinic. There have been 

‘e deaths in the entire series, including the 

death (case 31) in the group reported here. 
manner of death in this case during opera- 
has been described in detail in a previous 

r,’ in which the patient was listed as case 

sh 

lthough all of the patients to be discussed 

rom the Mayo Clinic and Mayo Foundation, 
‘ hester, Minn. The Mayo Foundation is a part of 

iraduate School of the University of Minnesota. 
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had atrial septal defects with left-to-right 
shunting of blood across the defect, many had 

additional complicating features. Some had a 
degree of right-to-left shunting, as well. The 
age, sex, and body surface area of the patients 

are listed in table 1, along with their status 

according to the New York Heart Association 

Classification. Only four patients were entirely 
asymptomatic. Results of closure are given in 

table 2. Only 21 patients had anatomically un- 

complicated atrial septal defects, 12 patients 
having associated defects as indicated in table 3. 

MATERIAL AND METHODS 

Thirty-one of the 33 patients were operated on 
with the atrial-well technic of Gross and associates,* 
with minor changes in details of suturing. A suitable 
piece of noncompressed Ivalon sponge was used to 
close the defects. Modifications of this technic for 
patients with associated and more complicated de- 
fects were employed as described by us.’ The cases 
here reported as cases 22, 24, 25, 23, and 26 are 
cases 1, 3, 4, 5 and 6 in the article detailing the 
methods employed in the surgical treatment of 
anomalous pulmonary venous connection.’ In two 
of these a slight modification of the technic of Bailey 
and associates‘ was utilized. 
Hemodynamic data concerned with the status of 

the circulation after closure of the defects are avail- 
able in 31 of the 32 patients surviving operation, 
and are shown in table 3. In this, and in tables 1 
and 4, the cases are grouped anatomically, and 
arranged in order of decreasing left-to-right shunt. 
In some patients the hemodynamic data were ob- 
tained at postoperative cardiac catheterization some 
weeks or months following operation. The technics 
of study employed at cardiac catheterization, in- 
cluding the routine use of dye-dilution curves 
recorded after injection of T-1824 into multiple 

Circulation, Volume XIII, June, 1956 
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TABLE 1. Patients Having Atrial Septal Deject 

| r r 
| | Body surface, M.? New York 

| | Heart 
om oats Asso. 

Post- Classifi- 
| operative | operative cation 

Age, 
Case ow, Sex ——— years ee 

1.61 | 1.59 II 

1.45 _— II 

1.45 - II 

1.64 II 

1.31 - II 

1.55 III 

1.66 I 

1.68 II 

1.53 II 

1.56 II 

1.58 — I 

1.65 .68 II 

1.55 ‘ I 

1.50 I 

1.91 é II 

1.57 68 II 

1.51 - II 

1.57 - II 

1.26 : II 

1.66 3 III 

1.85 — III 

1.67 i II 

1.79 / II 

1.98 : Il 

1.61 — III 

1.48 Iv* 

1.36 of III 

1.56 j II 

1.88 | .88 II 

1.66 : Il 

1.59 | - IV 

0.64 | — IV 

1.53 | 1.53 II 

21 

22 

23 

24 

25 

26 

27 
28 

29 

30 

31 

32 

33 

Sexes naerteSesst SSS SSeS 

NNNWNHN ES IH SNw SN w 

nd = 

— bo bo Coe DW WN 

* Pregnant. 

sites of the heart and great vessels, have been de- 
tailed by us elsewhere.!*!% Calculations of the 
systemic and pulmonary flow were made in these 
patients by the method described by Swan, Bur- 
chell, and Wood, using oxygen saturation data.“ 
Calculations of right-to-left shunts and estimations 
of left-to-right shunts from the dye-dilution curves 
were made by technics previously described from 
this laboratory.’*.'® Estimation of the degree of 
preferential shunt from the right or left lung has 
been made on the basis of dye-dilution curves re- 
corded after injection of the dye into the right and 
left pulmonary arteries.!” 

In other patients the hemodynamic data have 
been obtained at the time of operation, following 
closure of the defect. The technics of this procedure 
have been described elsewhere by us.'* Briefly, 
through a catheter introduced through the atrial 

TABLE 2. Results of Closure of Atrial Septal Defects 

Condition | - Fair | Poor | Dead |Tota 
| lent 

Atrial septal defect with- | 19* 
out associated defect 

Atrial septal defect with | 3 

partial anomalous pul- 

monary venous connec- 
tion 

Persistent common atrio- 

ventricular canal 

Atrial septal defect with 

complete anomalous | 
pulmonary venous con- 
nection 

Atrial septal defect with 
other associated defects 

Total 

* In one of these cases, evaluation is on clinica 

dats alone. Thus in the total group, 32 have hemo 
dynamic evaluation, of which 26 are considered an 

excellent result. 

well, samples were withdrawn from the superior 
vena cava, the inferior vena cava and the right ven 
tricle, and the oxygen saturations of these were 
determined by the use of the cuvette oximeter. At 
this time dye-dilution curves were recorded from 
the radial artery after the injection of dye through a 
venous catheter introduced previously through an 
antecubital vein and advanced so that the tip lay 
in the superior vena cava or an adjacent central 
vein. 

In many of the cases studied postoperatively by 
cardiac catheterization, studies"had been done in 
the operating room as well. Although in such cases 
the data collected in the operating room are not 
detailed, it can be stated that the agreement be- 
tween the two sets of data is good. 

Figure 1 is an example of the type of data that 
was collected. 

RESULTS 

Thirty-two of the 33 patients whose data 

are here presented are alive and well, one 

patient having died as noted previously. There 
is one case in which no postoperative physio- 
logic studies are available (case 10). This 

patient was operated on relatively recently and 
was considered at operation to have a complete 
and secure closure. Since the technic has 
become standardized, in every instance in 
which it was believed that a complete and 



KIRKLIN, WEIDMAN, BURROUGHS, BURCHELL, AND WOOD 827 

ecure closure was obtained at operation, post- 

perative physiologic studies have verified it. 

t is, therefore, considered fair to classify this 

yatient as an excellent result clinically, al- 

hough hemodynamic evaluation cannot as yet 

ve made. 
The over-all results of operation in these 

‘ases are depicted in summary form in table 2. 
Che hemodynamic data, obtained preopera- 

ively and postoperatively, are presented in 

letail in tables 3 and 4. Table 3 includes the 
saturation data and dye-curve results, and 

table 4 presents the intracardiac, pulmonary 

artery, and systemic arterial pressures. 

Some explanation of certain items of table 3 

is required. The presentation is similar for the 

preoperative and the postoperative study. The 

oxygen saturation of blood withdrawn from the 
radial artery, superior vena cava, inferior vena 

cava, and the right atrium is indicated. The 
oxygen saturation of blood withdrawn from the 

pulmonary artery is given, unless no such 

sample was obtained, in which case the value 
for blood withdrawn from the right ventricle is 

given if available. All saturation data given 
were obtained while the patients were breathing 
air. Values for systemic and pulmonary flow 

are given, calculated from oxygen uptake and 

saturation data when these are available.“ 
The magnitude of the left-to-right shunt as 

estimated by the dye-dilution pattern after 

central injection of T-1824 is indicated by 

erade, grade 0 being no detectable left-to-right 
shunt, and grade 5 being complete anomalous 

venous drainage from a lung. Figure 2 indicates 

the correlation between the degree of shunting 
nd the pattern of the curve for each grade. 
‘hese curves are illustrative of the contour 

ecorded after injection of dye into a right or 
ft pulmonary artery. The contour of the 
idicator-dilution curves recorded after in- 

‘ction into the right and left pulmonary 

rteries indicates the degree of left-to-right 

hunting of the blood from each lung, and these 

‘:parate values are included in table 3. It is 

oted that in ordinary atrial septal defect the 

ght lung may have a more abnormal dye- 
irve pattern than the left lung; there is, in 

ther words, preferential shunting from the 

ght lung. In the patients with anomalous 

pulmonary venous connection of the right lung 
and with atrial septal defect, the preferential 

shunting from this lung is either severe or 

complete, the latter instance producing the 

grade-5 curve. It is to be noted also that curves 

of a pattern compatible with grade 1 to 3 
shunting are obtained from injection of dye 

into the main pulmonary trunk in atrial septal 

defect, as demonstrated in table 3. Grade 2- 

and 3-curves are indicative of a 50 to 80 per 

cent left-to-right shunt. 

A patient is considered to have an excellent 

result from operation when no residual shunt 

is found. This outcome was present in 20 of 

the 26 cases termed excellent. Of the remaining 

six cases, three had a suggestion of a very small 

left-to-right shunt from saturation data or dye 

curves, but the complete study could not with 

certainty establish its presence. These cases 

are quite possibly hemodynamically normal. In 

three others the results are considered ex- 

cellent, in spite of a small residual shunt, 

because the shunts appear too small to be of 

functional significance. Four patients are con- 

sidered to have only fair results, although all 

are symptomatically improved, for three have 

residual left-to-right shunts of 35 to 40 per 

cent, and one (case 26) had a residual right-to- 

left shunt of 20 per cent when studied 2 weeks 

postoperatively. She was not visibly cyanosed. 
Pregnant at the time of operation, she subse- 

quently had a normal delivery and now con- 

siders herself normal. Preoperatively, she had 

significant disability. The data are self-evident 

in the one poor result, the first case in which 

operation was performed by us, as discussed 

later in this paper. 

Atrial Septal Defect Without Associated De- 
fect. There are 21 patients with large atrial 

septal defects without associated lesions who. 
have been operated on. No deaths occurred in 
this group. There are no poor results in this 
group and 18 are considered hemodynamically 
to have an excellent result. In 1 patient no 
postoperative data are available, as mentioned 
previously. 

Atrial Septal Defect With Partial Anomalous 

Pulmonary Venous Connection. There are five 

patients with atrial septal defects and partial 
anomalous pulmonary venous connection. The 
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SURGICAL CORRECTION OF ATRIAL SEPTAL DEFECTS 

_ TABLE 4, Data from Cardiac Catheteriz zation 

Preoperative cardiac catheterization Bestngemnties onion catheterization 

Pressures in mm. Hg ae, Pressures in mm. * 

operation and post- 
operative study 

TPR, dynes 
sec. cm,.~5 

RA RV Radial | | | Radial | 
artery artery 

RA RV PA aie 
Piet 

_arery | e| 
117/62 |15/6 
114/69 |12/6 
102/60 | 4/0 
143/88* 16/13* 

44/13) 35/20 | 
40/6 | 35/16 |15/0 
34/9 | 32/10 |10/6 
54/5*)  — — 

104/66 | 9/3 | 62/4 | 44/20 12/9 
100/45 | 6/3 | 31/0 | 28/8 | 8/5 
116/58 10/5 25/ 21/9 |12/6 
114/62 | 7/3 /2 | 23/8 |11/8 
114/64 | 4/0 22/10 | — 84 
124/67 | 8/4 23/10 | 8/6 

11 125/79 | 8/3 34/12 |15/8 80 
12 | 95/56 | 8/2 23/9 |13/9 90 
13 90/60 | 5/1 | 40/6 | 37/11 |14/6 60 
14 (117/65 | 4/0 | 26/4 | 26/12 | — 156 
15 110/60 |11/5 | 60/12) 66/22 118/10 244 
16 (135/75 | 6/1 | 37/2 | 30/15 | — 100 
17 \135/76 | 7/1 — | 27/11| — 74 
18 (123/78 | 5/1 | 37/5 | 28/10); — 120 

102/63 | 2/0 | 27/4 | 14/8 | — 60 
20 |104/59 | 5/2 | 70/7 | 69/37 | 9 375 
21 |120/72 | 8/4 | 60/5 | 65/22 | 8/5 540 
22 (107/61 | 9/3 | 48/8 | 37/19 | — 105 
23 |129/72 | 7/1 | 41/8t) 28/12t/11/4 55 
24 105/70 10/6 | 28/5 | 27/14 |12/7 105 
25 |106/12 | 3/1 | 34/14) 27/10t) — 95 

106/53 | 7/1 | 81/0 | 86/33 | 8/0t 58 
27 (114/57 | 7/2 | 29/4 | 25/10 |11/5 58 

106/71 |12/6 | 26/4 | 23/8 | — 75 
29 — | 9/ 34/6; — | — — 
30 | 72/57 |22/11 | 34/15) 34/16 |26/16, 190 
31 (101/74 |22/14 |127/43/127/9 | — 390 
32 |123/58 | 8/5 | 53/6 | 50/8 | 8/6 | 395 
33 |129/67 | 7/3 |108/7 | 12/7 |12/6 | 130 

38/: /5 

30/8 

7 months 

| 3 weeks 

at operation 
at operation 

at operation 

14 months 

at operation 

11 months 

at operation 

at operation 

| 4 months 

4 months 

| at operation 
| 3 months 
1 year 

at operation 

at operation 

3 months 

10 months 

| at operation 
13 months 
5 months 

5 months 

at operation 

2 weeks 

7 months 

| 3 months 

3 weeks 

1 year 

at operation 

9 months 

'108/64)12/5 
102/46) 5/0 

102/58) 9/5 

102/62)10/6 

121/73} 4/0 

\140/70| 2/-2 
106/54) 9/7 
118/57| 5/2 

121/71) 6/4 

35/7. 

|32/4 
\50/8 
33/7 

\40/0 

18/3 

\37/12 

|22/7 

24/3 

isa ~ 

ened Bo 
— |11/5t 

132/70) 3/-1 

104/57, 6/0 
112/86 |12/7 
\109/53| 5/2 
126/68) 4/0 
80/60) 4/2 

|128/65) 7/4 
108/62) 5/2 
'115/64/13/4 
120/72) 9/7 
| 90/41) 5/2 
/123/70| 8/1 
101/57) 4/1 
115/77 10/6 
117/58) 6/2 
118/55) 8/1 
115/60) 3/-1 
112/63|14/4 
106/64| 2/1 

25/0 

24/0 
'29/9 
48/6 
32/5 

29/1 

23/1 
34/5 
72/7-16| 
\35/2 
'32/14t 
20/5 5 

132/11 
\54/4 
23/7 
18/0 
(24/1 
\22/3 

a) ogashs tei. 

23/12 |11/6 | 

15/5 

21/9 |11/6 

41/22 12/10 
— |11/6t | 

(32/14 |16/6 

(23/144, 10/7 

| _- 15/14 | 

— | 8/2¢ | 
119/10 12/7 | 

115/3 

| 90/45|30/25 |45/10 
114/63) 7/2 [32/1 

| 

f= | = 
[14/8 | 9/5 | 

* Study done with patient under anesthesia just prior to operation; catheterized previously elsewhere. 

t Values are left atrial or pulmonary vein pressures. 

t With the exception of these 3 instances pulmonary artery and right ventricular pressures were measured on 

the continuous pressure recording obtained when the catheter tip was withdrawn from the pulmonary artery to 
right ventricle. 

RA: Right atrium; RV: Right ventricle; PA: Pulmonary artery; TPR: Total pulmonary resistance. 

technic of repair of these anomalous pulmonary 

venous connections in association with the 

repair of the atrial septal defects has been 

presented in detail elsewhere. Case 22 was the 
first case of repair of an atrial septal defect in 

our group. It was known at operation that a 

significant although relatively small residual 

defect remained. There continues to be a large 

(65 per cent) left-to-right shunt through this 

defect. This case is the one adjudged a poor 

result. In case 26, mentioned in an earlier 

paragraph, in which the patient had a bi- 

directional shunt and severe pulmonary hyper- 
tension, in whom the atrial well could not be 

employed because of the anatomy of the 

combination of defects, there is no post- 
operative left-to-right shunt but there is a 

residual right-to-left shunt from the region of 
the superior vena cava. This case is considered 

to be a fair result. These studies were in the 
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mmediate postoperative period on this case, 

nd there may be some betterment of the 
ituation as time elapses. The remaining 3 

ases in this group have complete repairs 
vemodynamically and results are termed 
xcellent. 

Persistent Common Atrioventricular Canal. 
“here are two cases of persistent common 

CATHETERIZATION—2 MONTHS PREOPERATIVE 

PER CENT DYE CONC. 
XYGEN SATURATION Radial Artery 

ferior Veno Cova =73 | e 
sperior Veno Cava 63 | mgi/L. 

Aid-Right Atrium 85 5 
odial Artery 95 

eft to Right Shunt 60% ! | 
DURING SURGERY-BEFORE CLOSURE 

| | 10 
DURING SURGERY- AFTER CLOSURE 

| ‘ L j =n] 

10 

CATHETERIZATION-5 MONTHS POSTOPERATIVE 

inferior Veno Cava 79 VN cs 
+--+ a 

superior Vena Cava 77 
Mid-Right Atrium 79 
Radial Artery 98 

Left to Right Shunt +0 
T-1824 

-O7 mg./kg. 
INJECTION INTO: | 

SUPERIOR VENA CAVA 

Fic. 1. Demonstration of complete closure of an 
atrial septal defect during and five months after oper- 

ation in a 23 year old man (case 24). The upper panel 
of the figure shows the data recorded during cardiac 
catheterization two months before operation. On the 

left are the blood oxygen saturation values obtained 
by drawing blood samples from the right atrium and 

venae cavae through a cuvette oximeter, the samples 

heing in rapid succession. There is demonstrated a 
marked inerease in oxygen saturation of blood in the 

ight atrium as compared to that in the venae cavae, 
ind the left-to-right shunt is calculated from the 

ituration data to be 60 per cent of the total pul- 
monary flow. An arterial-dilution curve, shown on 

.e right, recorded at the radial artery after injection 

T-1824 into the superior vena cava shows marked 
olongation of the disappearance slope, indicating 

e presence of a large arteriovenous shunt. The two 
e curves (middle panels) recorded during surgery 
e shallow, in part owing to the lesser sensitivity of 

‘ recording system. The curve recorded prior to 
sure of the defect, however, is similar to the pre- 

erative curve, whereas the curve after closure of 
e defect with an Ivalon sponge depicts a normal 
ntour. The lower panel, showing data from the 

stoperative cardiac catheterization, gives no 

idence of the previous increased oxygen saturation 
the blood in the right atrium, and the contour of 

e dye-dilution curve is normal. 

GRADE CONTOUR OF DILUTION CURVE ANOMALOUS DRAINAGE 

1 SLIGHT 

MODERATE 

MARKED 

SEVERE 

COMPLETE 

INSTANT OF 
INJECTION 

| 

Fic. 2. Diagrammatic representation of indicator- 

dilution curves indicating left-to-right shunts of in- 
creasing magnitude. The curves indicate the contour 

obtained in a dye-dilution curve recorded after the 
injection of dye into a right or left pulmonary artery 

leading to a lung with various degrees of anomalous 

venous drainage. The numbers on the left represent 
the magnitude of shunt in grade 1 to 5. The first curve 

is indicative of a slight anomalous drainage, 20 to 
30 per cent left-to-right shunt, whereas the contour 
of the curve indicating a grade 3 shunt is consistent 
with a 70 to 80 per cent left-to-right shunt. The pat- 

tern seen in curve 4 is one of severe anomalous drain- 

age, and the contour of curve 5 is seen only with com- 

plete anomalous drainage from the involved lung. 

The contour seen in the first three grades depicted 
can also be obtained from injection into the main 

pulmonary artery in patients with atrial septal defect 
and left-to-right shunt, with or without various 
degrees of anomalous pulmonary venous connection. 

The distinction between anomalous pulmonary 

venous connection and drainage has been made 

previously by us.” 

atrioventricular canal. One case, studied three 

months postoperatively, is hemodynamically 

normal and the result is considered excellent. 
The second case was studied seven months 
postoperatively. There was a 35 per cent left- 
to-right shunt, mainly at the ventricular level. 
The preoperative left-to-right shunt was 
calculated to be 75 per cent. This is hemo- 
dynamically only a fair result. 

Atrial Septal Defect With Complete Anomalous 
Pulmonary Venous Connection. One case of 

atrial septal defect with complete anomalous 
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Fic. 3. Preoperative and postoperative roentgenograms of the chest of a 5 year old boy Who had 

repair of an atrial septal defect followed in 3 months by repair of a concomitant coarctation of the 

aorta. The first roentgenogram was taken two weeks before the atrial septal defect was repaired. 

The second roentgenogram was taken 6 months after the correction of the coarctation. The two 

films were taken about nine and a half months apart. 

pulmonary venous connection to the right 

atrium was repaired by the use of an Ivalon 

sponge to channel the pulmonary venous return 

across the atrial septal defect into the left 

atrium. There is a suggestion of a minimal 

persistent left-to-right shunt 3 weeks post- 

operatively in the dye-dilution curve, but the 

saturation data do not indicate this. The 

patient is probably hemodynamically normal.* 

Atrial Septal Defect With Other Associated 

Defects. There is one patient with mitral 

stenosis and an atrial septal defect in whom a 

combined repair was carried out. She is ad- 

judged to have an excellent result in spite of 
the presence of a very small residual left-to- 

right shunt. One patient with severe pulmonary 

hypertension and mitral insufficiency asso- 

ciated with atrial septal defect died during 

operation, as noted in a previous paragraph. 
One patient, a 5-year-old boy in severe cardiac 

failure, had a coarctation of the aorta and an 

atrial septal defect. The atrial septal defect 
was repaired, and 3 months later the coarcta- 

* This patient has now been recatheterized one 

and one-half years postoperatively. There are no 
shunts, and he is hemodynamically normal. The data 

from the last study are not in table 3. 

tion was repaired. Indicator-dilution curves 

done at the time of the coarctation repair were 

entirely normal, indicating complete closure 

of the atrial septal defect. The patient is now 

clinically asymptomatic. Figure 3 compares the 

chest films taken of this patient 2 weeks before 
closure of the atrial septal defect and 6 months 

after correction of his coarctation. 

COMMENT 

The experience herein presented with a 

series of atrial septal defects, 21 of them being 

large defects without associated anomalies, 

and 12 of them being complicated in one form 
or another, indicates that an excellent result at 

a low operative risk can be obtained in this 

disease. With an operative mortality of 1 case 
in 33, with an excellent result in 27 of the 32 

surviving patients, and a fair result in 4 of the 

remaining, it seems now justified to advis 

repair of atrial septal defects in all patients witl 
significant physiologic derangement resulting 

from this anatomic malformation. Further, i 

the subsequent 26 cases, bringing the entir 

series to 59 cases, closures have all been judgec 

to be complete. 

Some discussion of changes in pulmonar 



rtery pressure should be made, although the 

lata in this regard are not striking. Table 4 
llustrates the fact that after closure of the 
itrial septal defects there is in nearly all 
nstances a mild drop in pulmonary artery 

yressure even when it has been within the range 

f normal prior to operation. Table 4 also 

llustrates the good results from pulmonary 

‘alvotomy in association with the repair of an 

‘trial septal defect in case 33. 

SUMMARY 

1. The technics of physiologic study of 

itrial septal defects preoperatively, in the 
yperating room, and postoperatively have been 

outlined. 

2. In our first 33 consecutive cases with left- 

(o-right shunts, the results of operative closure 
of atrial septal defects were excellent in 27 

cases, fair in 4 cases, and poor in 1 case. In 

one case, there was a postoperative death. This 

series of cases now includes 59 cases. 

3. It is concluded that operation for atrial 

septal defect may be done at a low risk with an 

excellent prospect of a good result. 

SUMMARIO IN INTERLINGUA 

Experientias con le tractamento chirurgic de 
59 casos de defecto atrio-septal representa un 

testimonio al securitate e efficacia del pro- 
cedimento utilisante le technica del puteo 

atrial. Es presentate datos detaliate relative 

al 33 prime casos de iste serie con le objectivo 
de permitter a alteros le analyse del base de 
nostre conclusiones. 
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The Use of Aramine in Clinical Shock 

By Georce H. Stecue., M.D., Stanuey I. Fisoman, M.D., Georce Scuwartz, M.D., 

Hyman Turkowitz, M.D., Peter F. Maponia, M.D., anp 

ARTHUR FANKHAUSER, M.D. 

The use of vasopressor agents in shock is of established value and has become a common form of 
treatment. Aramine was used in over 250 unselected cases of shock of varied etiology, of which 42 
vases are reported in some detail. This agent continues to produce a vasopressor effect after the 
actual cessation of administration, and its use is characterized by ease in maintaining the desired 
blood pressure level. Distressing side effects, such as thrombophlebitis or tissue slough, do not occur. 

HE use of Aramine, a sympathomimetic 

amine, in normal subjects was reported 
in 1954.1 This study indicated the effec- 

tiveness of this drug as a vasopressor and sug- 

gested certain advantages over other commonly 

used vasopressors. Therefore, an extended 

study of the effects of Aramine in clinical 

shock states was undertaken, and the results 

are herewith reported. 

MeEtTHOD 

Every case admitted to the First Division Med- 
ical Service, Kings County Hospital Center, in 
which the use of a vasopressor was indicated re- 
ceived Aramine.* In each case the drug was ad- 
ministered intravenously diluted in 1000 ml. of 5 
per cent dextrose in water. Early in the study, 50 
mg. of Aramine was diluted in 1000 ml. of 5 per 
cent dextrose in water. The infusion was initiated 
at a rate of 80 to 100 drops per minute, and then 
regulated according to the blood pressure response. 
If the response was inadequate after 10 minutes, 
another 25 mg. of Aramine was added to the infu- 
sion. By this method, it was soon found that a 
higher concentration of Aramine was both safe 
and preferable. Three hundred milligrams of Ara- 
mine per 1000 ml. of dextrose in water soon be- 
came the concentration of choice. The blood pres- 
sure was recorded every minute, for the first 5 to 
10 minutes, then every 5 minutes until the blood 
pressure was maintained at the desired level, and 
finally recordings were made as indicated by the 
severity of the case and duration of treatment. In 
those cases in which the blood pressure did not re- 
spond quickly, norepinephrine was substituted. 

From the Cardio-Pulmonary Laboratory and the 

Medical Service, First Division, Kings County Hos- 
pital Center, Brooklyn, N. Y. 

* Aramine was supplied by Sharp and Dohme, 
West Point, Pa. 

RESULTS 

Aramine has now been used in approximately 

250 cases of clinical shock. Of these, 42 cases 

are reported in some detail. In each case, the 

diagnosis has been verified beyond reasonable 

question. These results are tabulated (table 1). 

The remaining 208 cases are not included in 

this report because there was insufficient data 

concerning the diagnosis or the response to the 

drug. 

Of these 42 cases, 15 (36 per cent) left the 

hospital alive, 27 (64 per cent) died. The study 
necessarily included a high percentage of 

“‘poor-risk”’ cases, as noted in table 1. The pa- 

tients’ ages ranged from 28 to 87 years, with an 

average of 63 years. 

The blood pressure did not respond in 6 cases 
(14 per cent). Norepinephrine was substituted 

in 12 patients in whom no prompt response 

with Aramine was obtained, all of whom died, 

despite this measure. There was no blood pres- 
sure response to norepinephrine in 11 of these 

12 patients. The twelfth patient showed an ade- 

quate blood pressure response, but subse- 

quently died. 
All patients were in marked clinical shock, 

with initial blood pressures varying from 0/0 to 

110/70 (the latter, previously a hypertensive 

patient). Sixteen of these patients were in 

shock as a result of proved myocardial in- 
farction. Six (38 per cent) of these 16 patients 

survived. 

COMMENT 

As noted in table 1, a wide variety of clinica 

entities are represented. In addition, a consider 
able number of surgical shock states wer 
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Patient | Age 

TABLE 1.—Results in 42 Cases of Shock 

STECHEL, FISHMAN, SCHWARTZ, TURKOWITZ, MADONIA AND FANKHAUSER 83 oo 

Diagnosis 

| 

Congestive heart failure, pneumonia 

Myocardial infarction 
Gastrointestinal bleeding 

Gastrointestinal bleeding 

Gastrointestinal bleeding 

Hepatic coma 

Ventricular tachycardia 
| Acute yellow atrophy 

Myocardial infarction 
Granulocytie leukemia, myocardial infarction 

Myocardial infarction, diabetic coma 
Acute bacterial endocarditis 

Myocardial infarction, ventricular fibrillation 

Myocardial infarction 

Dissecting aneurysm 

Bronchogenic carcinoma 

Aplastic anemia with hemorrhage 
Pulmonary infarction, cor pulmonale, pneumonia, | 

and empyema 
Cor pulmonale 
Acute hemorrhagic pancreatitis, acute yellow | 

atrophy 

Myocardial infarction 

Myocardial infarction 

Perforated duodenal ulcer 

Carcinomatosis with hematemesis 

Myoeardial infarction 

Myocardial infarction 
| Myocardial infarction 

Cerebral vascular accident 

| Myocardial infarction 

| Sex 

1 |}62|M 

2 172) 

3 | 65 | F 

4 55 | F 

5 |48|M 
6 34 | M 

7 28 | M 

8 52|F 

9 64M 

10 | 87) F 
11 58 | F 
12 50 | M | 

13 68 | M | 

14 79 | F 

15 | 58|M 
16 | 8|M | 
17 53 | F 

18 55 | M 

19 55 | M 

20 | 39!M 

21 45 | M 

22 | 63 | M | 
23 | 65| M 
24 63 | M 

25 | 60) F 
26 80 | F 

a 74|F 

28 |72|M\| 
29 | 82|F 
30 | 62|M 
31 60 | M 
32 37 | M 

33 65 M 

34 65 F 

35 | 44|F 
36 51 | F 

37 | 28|M 
38 | 78|M 

39 |60|M 
00 | 57|M 
11 60 | M 

| 
12 |49|M 

Myocardial infarction, ventricular tachycardia 

Bronchogenic carcinoma 

| Heat prostration 
Hypertensive cardiovascular disease, pulmonary 
hemorrhage 

Myocardial infarction 
Uremia with gastrointestinal bleeding 

Atrial fibrillation, multiple embolizations 

Paraldehyde intoxication 
Myocardial infarction 

Myocardial infarction 

Rheumatic heart disease, ventricular tachycardia 
Subacute bacterial endocarditis, multiple emboli- | 

zations 

| Gastrointestinal bleeding 

Initial Blood | Duration of 

lio | 

Alive 70/40 | 120/80 | 16 hours 

Died 0/0 120/80 | 8 hours 

Alive 0/0 | 100/60 | 1.5 hours 

Alive | 70/30 | 150/50 | 16 hours 
Alive 60/40 | 115/80 | 2 hours 

Died | 46/30 | 110/60 | 5.75 hours 
| Alive* 0/0 | 0/0 | 25 minutes 
| Died 60/40 | 60/40 | 15 minutes 

| Died 0/0 | 0/0 | 55 minutes 
| Died | 80/42} 0/0 | & minutes 
| Alive | 88/60 | 110/80 | 43.5 hours 

Alivet | 50/30 | 150/100 | 120 hours 

Died | 90/60 | 0/0 1 hour 

Alive 40/0 | 110/70 17.5 hours 
Died | 40/0 130/100 9.5 hours 

Died | 80/40 | 120/86 | 10 hours 
Died | 45/0 | 120/65 4 hours 

| Died 56/34 | 110/46 2.5 hours 

Alive 76/60 110/85 43 hours 

Died 0/0 | 120/70 55 hours 

| Died 40/20 | 130/90 50 hours 

| Died 0/0 | 0/0 1 hour 

Died 68/40 | 120/70 | 14 hours 
Died 54/0 | 100/60 | 18 hours 

Died 78/50 | 100/70 20 hours 

Alive 30/0 | 110/70 | 1 hour 

Alive | 60/40 | 150/80 | 5 hours 
Died 70/50 120/70 | 1.5 hours 

Died 80/60 | 120/80 | 2 hours 

Alive 0/0 | 140/110 | 1 hour 

Died 80/38 | 130/50 10 hours 

Died 0/0 90/60 | 30 minutes 

Alive | 110/70 | 150/90 | 30 minutes 

| Died 0/0 | 0/0 | 30 minutes 
Died 70/50 | 150/90 | 24 days 

Died 80/40 | 150/90 | 16 days 

Alive 80/60 | 140/90 16 hours 

Died 0/0 120/90 | 1.5 hours 

| Died 80/0 | 120/70 | 13.5 hours 

| Died 0/0 0/0 | 5 minutes 

Died 80/40 | 130/70 | 5 days 

| 

Alive | 80/40 | 140/80 | 3 days 

* Blood pressure rose coincident with return of regular sinus rhythm. 

‘ated with Aramine on the surgical services, 
th results comparable to those reported here. 
should be noted that it was not the purpose 

« this study to determine the efficacy of a 

+ Died 20 days after cessation of Aramine therapy. 

vasopressor in the various clinical entities, but 

merely to determine the efficacy of Aramine as 

a vasopressor. No conclusion is intended, nor 
should be drawn, as to the advisability of sub- 
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stituting a vasopressor for blood or fluid re- 

placement, for example. In cases of hemorrhage 

in this study, Aramine in infusions was used 

only until matched blood was available. 

Particular mention is given the use of 

Aramine in shock due to myocardial infarction, 

solely because of the current interest in the use 
of vasopressors in this condition. No blanket 

endorsement for the use of Aramine, or any 

other vasopressor, in shock due to myocardial 
infarction is intended. 

With 300 mg. per 1000 ml. of 5 per cent 

dextrose in water, a rise in blood pressure to 

adequate levels can be anticipated within 5 
minutes. Lack of response within 10 minutes 

usually indicated complete failure of vaso- 
pressor therapy. In many instances, therapy 
with Aramine was maintained for long periods 

of time (24 days in one case). In all cases it was 

noted that after discontinuing Aramine, the 

blood pressure gradually fell to levels that 

‘vaused some alarm to the resident staff and it 

seemed advisable to restart Aramine immedi- 

ately. In most instances, however, it was found 

that reinstitution of therapy was unnecessary, 

for the patients’ blood pressures gradually re- 

adjusted to withdrawal of the pressor agent 
over a period of hours. 

Advantages of Aramine over other pressor 

agents compared in the pilot study! were veri- 

fied in the present study and several new ad- 

vantages were noted. Relative ease of control of 

blood pressure levels was again noted ; the blood 

pressure rose rapidly to the desired level, with- 

out the meteoric rise to excessive levels so often 

encountered with other agents. When Aramine 

was stopped, intentionally or otherwise, the fall 

in pressure was a gradual one over a period of 

10 to 15 minutes, as contrasted with the precipi- 

tous drop in pressure often seen on withdrawal 

of other pressor amines. This characteristic is 

of particular advantage in cases where ex- 

tended therapy is necessary and eventual dis- 

lodging of the needle from the vein is a practi- 

‘al certainty. The continued pressor effect 

allows adequate time for reinserting the needle 
in a new vein. 

In no instance was there any deleterious 

result from infiltration of the tissues by in 

fusion fluid containing Aramine. In fact, un 

intentional intramuscular administration 0! 
undiluted Aramine in two instances caused nx 

untoward effects. In using another potent pres 

sor agent at this hospital, threading a polyeth 

ylene tube through the infusion needle into th« 
vein for several inches has become commot 
practice in an attempt to prevent thrombo 

phlebitis or distressing tissue sloughs. No sucl 

precaution is necessary in using Aramine; 

neither slough nor thrombophlebitis was noted 
in any of the cases studied. 

SUMMARY 

=xperiences with the use of Aramine in 

clinical shock of varied etiology in over 250 

cases is described. Aramine possesses ad- 

vantages that make it a safe and useful agent in 

conditions where a potent vasopressor drug is 

indicated. 

SUMMARIO IN INTERLINGUA 

Es describite experientias con Aramina in 
plus que 250 casos de choc clinic de varie 

etiologias. Aramina possede avantages que 

rende lo un utile e secur agente in conditiones 

in que le uso de un potente droga vasopressori 

es indicate. 
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The Electrocardiographic Effects of Hypocal- 

cemia Induced in Normal Subjects with 

Edathamil Disodium 

By Jack T. Becutet, M.D., JEFrerson E. Wuitr, M.D. anp E. Harvey Estes, Jr., M.D. 

In the past, it has not been possible to study the electrocardiographic effects of hypocalcemia in nor- 
mal subjects. Edathamil disodium is « powerful chelating agent with a strong affinity for ionic 
calcium when given intravenously. This agent was used to produce hypocalcemia in normal sub- 
jects so that electrocardiographic effects could be studied. The major changes produced in the elec- 
trocardiogram with the induction of hypocalcemia were shortening of the R-R interval, prolonga- 
tion of the RS-T and Q-T intervals, all of which were proportional to the degree of hypocalcemia. 
No change in the spatial P, QRS and T vectors, no T wave flattening or inversion and no elevation or 
depression of the RS-T segment appeared with hypocalcemia. 

N THE past, it has been necessary to study 

the effects of hypocalcemia in the presence 
of disease. Since many factors in ill pa- 

tients tend to influence the electrocardiogram, 

it has been difficult to be certain which changes 

in such patients were due only to hypocalcemia. 

The disadvantages of such electrocardiographic 
studies are obvious. . 

Since edathamil disodium is a complexing 

agent which has a strong affinity for caletum 

and will reduce serum ionized calcium when 
injected intravenously, it was felt that this 

agent would prove useful in defining electro- 

cardiographic changes secondary to relatively 
uncomplicated hypocalcemia in normal persons. 

Carter and Andrus! first reported Q-T pro- 

longation in hypocalcemia tetany in 1922. 
‘ince then numerous studies of the electro- 

cardiographic changes occurring with hypo- 

caileemia in various disease states have been 

r-ported.?-!° Many early investigators utilized 

caly one or two electrocardiographic leads in 

: porting RS-T segment, Q-T interval and 

-wave changes. Often other serum electro- 

tes were present in abnormal concentrations 

From the Medical Service, Veterans Administra- 
n Hospital, and Duke University School of Medi- 
e, Durham, N. C. 

These studies have been supported in part by a 

nt (Dr. T. B. Schwartz) from the Smith, Kline and 

‘nch Laboratories. 

Dr. White is a Trainee of the National Institute of 

thritis and Metabolic Diseases. 

or were not determined, and these studies have 

led to many conflicting reports. In more recent 

years, however, several investigators have at- 

tempted to clarify this subject by utilizing more 

leads,°-" correcting values of the Q-T intervals 

for rate,*: °-"! and using better methods for the 
measurement of intervals.'-'’ The present 

authors are aware of no prior studies concern- 

ing the electrolyte and electrocardiographic 
changes during hypocalcemia in otherwise 

normal subjects. 

MeEtTHOD 

Seven subjects, all of whom were considered to 
be free of organic disease, were selected for study. 
In five of these subjects an intravenous infusion of 
edathamil disodium (3 Gm. in 400 ml. of solution 
at a pH of 7.4 to 7.8) was begun at zero time. In 
the remaining two subjects an intravenous infusion 
of edathamil calcium-disodium (3 Gm. in 400 ml. 
of solution at a pH of 7.4) was begun.* The infusion 

* Kach gram of edathamil disodium (Naz EDTA) 

can chelate 108 mg. of calcium at a pH of 7.4, and in 

this combination the calcium is not ionized. At this 

pH edathamil disodium is actually a mixture of the 

disodium and trisodium salts, but for convenience 
will be termed edathamil disodium (Naz EDTA). 

Edathamil calecium-disodium (Ca Nas EDTA) 

combines with no additional calcium. This makes it a 

useful preparation to use as a control to insure that 

the changes seen were due to hypocalcemia and not 

to the ethylene-diaminetetraacetate portion of the 

molecule or to the associated sodium and potassium 
changes which are similar after the injection of either 

substance. 
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838 EFFECTS OF INDUCED HYPOCALCEMIA 

was completed at an average time of 20.4 minutes 
(15 to 27 minutes). The vehicle (400 ml. of solu- 
tion) was 5 per cent glucose in subjects 1 and 2; 
all others received normal saline. Blood samples 
for plasma sodium, potassium, calcium, and phos- 
phate determinations were withdrawn at frequent 
intervals for the first two hours, then hourly for 
four to six hours. Electrocardiograms were recorded 
before the infusion and at the time blood specimens 
were withdrawn. 

Electrocardiograms were recorded with a San- 
born direct-writing electrocardiograph at standard 
speed (25 mm. per second) and a Sanborn twin- 
beam photographic electrocardiograph at triple 
standard speed (75 mm. per second). The 12 stand- 
ard leads were taken with the direct-writing in- 
strument and selected leads for study were obtained 
with the twin-beam photographic instrument. 

Electrocardiographic Measurements. In the limb 
leads, measurements were carried out in that lead 
in which QRS and T complexes were of greatest 
magnitude. In all cases studied this was lead II. 
In the precordial leads, measurements were carried 
out in the first lead lateral to the zone of QRS 
transition which showed large R waves, usually 
V; or V4. Standardization for amplitude was checked 
in each lead, and suitable correction was made when 
necessary. The various intervals were measured by 
the technic of Lepeschkin and Surawicz'!: ” with 
the following modifications: (1) both the initiation 
and termination of the T wave were measured by 
the tangential method and (2) the points at which 

tangents drawn to the ascending and descending 
limbs of the T wave intersected a line drawn parallel 
to the baseline through the S-T junction were 
considered as the beginning and end of the T wave. 
The intervals measured were as follows: (1) be- 
ginning of QRS to the end of T (Q-T), (2) begin- 
ning of QRS to the beginning of T (Q-oT), (3) begin- 
ning of QRS to apex of T (Q-aT), (4) beginning of 
T to the end of T (T), (e) beginning of QRS to end 
of U (Q-U) and (5) the P-R, QRS, and R-R inter- 
vals by standard definition.* The Q-T, Q-oT, and 
T intervals were corrected, as outlined by Lepesch- 
kin and Surawicz,” using the formula of Bazett.!® 

RESULTS 

Electrolyte Changes. In terms of change from 

control levels expressed in milliequivalents per 

liter, the most pronounced variations after 

edathamil disodium (Naz EDTA) administra- 

tion occurred in plasma calcium and plasma 

sodium (fig. 1). The electrolyte changes pro- 

duced by edathamil calcium-disodium (Ca 

Naz EDTA) (the calcium salt) were insignifi- 

cant, except possibly in the case of potassium. 

With the administration of Na, EDTA, 

plasma calcium values dropped from 1.0 to 1.7 
mKq. per liter below their control values with 

the lowest point at the end or shortly after the 

completion of the infusion. This represents a 

mean percentile change of 31.4. Return toward 

normal was gradual, usually beginning within 

15 minutes after completion of the infusion. 

In all cases, plasma potassium fell below th« 

control value by 0.1 to 0.5 mEq. per liter. There 
was no apparent correlation between the de- 
gree of depression of plasma calcium and that 

of plasma potassium. It is unlikely that the 

fall in potassium is directly related to the in- 

duction of hypocalcemia by Naz EDTA since it 

occurs following the administration of Ca Na 

EDTA as well. 
Phosphate levels showed a more gradual fal 

and a more prolonged depression with a 

tendency to show a late rise above the contro! 

value. The absolute change was between 0.5 

to 0.5 mEq. per liter below the control value 

These same changes have been noted in pa 

tients similariy treated except that norma! 

saline was substituted for edathamil solutions,'° 

so this effect is probably independent of 

edathamil. 
There was some variable rise in sodium 

values (1.0 to 8.0 mEq. per liter, or a mean 

percentile change of 2.9 per cent), probably 

related to the nature of the chelating salt and 

the vehicle used. In general, this rise reached 

its peak during the infusion, or within 30 min- 

utes following. No changes have been recog- 

nized in the electrocardiogram due to changes 

in the sodium ion concentration.’ The change 

produced in the plasma sodium concentration 

of these subjects is small and is present in the 

control subjects; thus, it is felt that the 

electrocardiographic changes described in this 

study are entirely related to the changes in 

the calcium ion concentration. 

Reynolds also reported no changes in the 

electrocardiogram with variation in magnesium 
ion concentration. Another investigator” failed 
to demonstrate significant changes in serun 

levels of magnesium, calcium, pH, sodium anc 

copper, following the administration of C: 

Na, EDTA. Plasma magnesium and blood pI 

determinations were not done in the present 

study. 
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Fig. 1. The change from control values of plasma 
calcium, phosphate, potassium and sodium during 

and following the intravenous administration of 
edathamil disodium (Naz EDTA). 

0007 

Contra’ 

-003 

Control Values 
PR QRS RR 
67 125 100 
61 140108 

105 480 090 
69 130 094 
83 160 086 

90 120 180 240 300 360 
Minutes 

Fig. 2. The change from control values of P-R, 

QRS, and R-R intervals during and following the 
intravenous administration of edathamil disodium 

Nae EDTA). 
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Fig. 3. The change from control values of Q-T, 
oT, and T intervals during and following the intra- 
nous administration of edathamil disodium (Naz 

| DTA). 
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Fig. 4. The change from control values of plasma 
calcium, phosphate, potassium and sodium during 
and following the intravenous administration of 

edathamil calcium-disodium (Ca Naz EDTA). 
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intravenous administration of edathamil calcium- 

disodium (Ca Naz EDTA). 
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Subjective Changes. No symptoms appeared 
during the infusion of Ca Naz EDTA. All five 

subjects who received Naz EDTA developed 
mild symptoms, usually beginning within two 
or three minutes after starting the intravenous 

infusion. Aching, cramping pain developed 
along the course of the vein through which the 

infusion was given. This was apparently of 
muscular origin and was readily relieved by 

light local massage, but immediately reap- 
peared as massage was stopped. A fine, gen- 

eralized muscular tremor appeared during the 
infusion in all cases but lasted only two to five 

minutes. Numbness and tingling were present 
in the hands, lips, and occasionally the feet. 

All subjective symptoms subsided with com- 
pletion of the infusion or within 10 minutes 

following infusion. 

Changes in the Amplitude and Contour of the 

Electrocardiogram. During the infusion of Nae 
EDTA there was a general trend for the P, 

QRS and T complexes to become slightly re- 

duced in amplitude. These changes were very 

small and generally less than 1 mm. (stand- 

ardization of 10 mm. equals 1 mv.). No RS-T 

segment shift occurred with the edathamil 

disodium, but in one of the two subjects re- 

ceiving Ca Na. EDTA there was an unex- 

plained decrease in the amplitude of the QRS 
(over 2 mm.) and T (1.8 mm.) with S-T seg- 

ment depression (0.5 mm.) at 240 minutes 

only. No other changes were noted with the 

infusion of Ca Nag EDTA. 

Spatial vector analysis revealed no sig- 

nificant changes in the electric axis of the 

various electrocardiographic waves. It is felt, 

therefore, that these changes in amplitude are 

not due to a change in the electric axis of the 

P, QRS, T or S-T segment. 

TaBLeE 1.—Correlations Between the Change in 

Plasma Calcium and the Change in the Electrocar- 

diographic Intervals 
= a 

Interval | Correlation Coefficient 

R-R +0.78 <0.01 

Q-oT —0.69 <0.02 

Q-T —0.76 <0.01 
- —0.21 

No dramatic changes were seen in the con- 
tour of the electrocardiogram. No inversion of 

T waves was encountered. In some instances 
there was a tendency for the beginning of the 

T wave to become blended into the RS-T seg- 

ment. This was particularly true if there was 

slight S-T segment elevation present in the 

control precordial leads. The effect of this 

change was to make exact measurement of the 

beginning of the T wave very difficult, thus 
making the accurate measurement of Q-oT 

problematic. Since measurement of the inter- 
val Q-oT (length of the S-T segment) and the 

beginning of the T wave cannot be accurately 
determined in all cases, one cannot be certain 

that the RS-T segment is the interval pri- 
marily lengthened by hypocalcemia. Indeed, 

in this study, statistical analysis fails to reveal 
that the Q-oT is lengthened significantly more 

than the Q-T as the serum calcium falls 
(p > 0.1). 

Changes in the Intervals of the Electrocardio- 
gram. Prolongation of the Q-T and the Q-oT 

intervals has been observed by many previous 

investigators in the presence of hypocalcemia, 

but changes in the R-R interval have not been 

reported to occur. In this study marked changes 

occurred in the R-R, the Q-T, and the Q-oT 

intervals. The R-R interval was shortened 

(fig. 2); the Q-T, and the Q-oT intervals were 

prolonged (fig. 3). The reduction in R-R inter- 

val and the prolongation of Q-T and Q-oT 

intervals were proportional to the degree of 

hypocalcemia. In contrast, in the two subjects 

receiving edathamil calcium-disodium, there 

was no change in one and a prolongation in the 

R-R interval of the other (figs. 5 and 6). 

These changes are statistically significant, 
and the close correlation of the degree of the 

changes in intervals with the absolute fall in 

serum calcium makes other factors, such as 

anxiety, much less probable causes of the 

effects seen (table 1). 

The P-R interval showed no consistent nor 

appreciable change. 

The QRS interval was consistently short- 
ened during the period of infusion, but this 
was not correlated with the degree of hypo- 

caleemia nor was it great enough to be of 



definite significance (less than 0.01 second 
change). 

The difficulties in measurement of the Q-T 

intervals and the misinterpretation of the Q-U 
interval for the Q-T interval has been empha- 
sized by several authors*:*:!!:'8 who have 

suggested the use of multiple leads as utilized 
in this study as an aid in preventing this error. 
In the present study attempts in measurement 

of the Q-U interval were not always successful, 
since the shortened R-R interval caused the 

U wave (which was present, though small, in 
all control tracings) to be superimposed upon 

the following P wave, thus making measure- 
ments inaccurate. In those subjects in which 

the Q-U interval could be measured the change 
was generally less than 0.04 second prolongation. 

SUMMARY 

1. The electrocardiographic effects of hypo- 
caleemia produced by intravenously adminis- 

tered edathamil disodium have been studied in 
normal subjects. 

2. The major changes noted with the pro- 
duction of hypocalcemia have been: shortening 

of the R-R interval and prolongation of the 

Q-oT and Q-T intervals, all proportional to the 

degree of hypocalcemia. 
3. Other changes noted to occur, but minor 

in degree or not well correlated with the fall in 

serum calcium, were: slight reduction in 

amplitude of the P, QRS, and T; merging of the 

RS-T segment and the ascending limb of the 
T wave; shortening of the QRS interval; and 

Q-U and T interval prolongation. 

4. No change in spatial P, QRS, and T 

vectors occurred with hypocalcemia. 

5. No T wave flattening or T wave inversion, 
and no elevation or depression of the RS-T 

segment appeared. 
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SuMMARIO IN INTERLINGUA 

In le passato il non esseva possibile studiar 

' effectos electrocardiographic de hypocalce- 

ia in subjectos normal. Edathamil-dinatrium 
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es un potente agente chelative con un forte 

affinitate pro calcium ionic quando illo es ad- 

ministrate intravenosemente. Iste agente es- 

seva usate pro producer hypocalcemia in sub- 

jectos normal de maniera que studiar le effectos 

electrocardiographic deveniva possibile. Le ma- 
jor alterationes producite in le electrocardio- 

gramma per le induction de hypocalcemia 
esseva reduction del intervallo R-R e prolon- 

gation del intervallos RS-T e Q-T, omnes pro- 
portional al grado de hypocalcemia. Nulle alte- 

ration del spatial vectores P, QRS, e T, nulle 

applattation o inversion del unda T, e nulle 

elevation o depression del segmento RS-T se 
manifestava in association con hypocalcemia. 
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Coarctation of the Aorta Associated with 
Patent Ductus Arteriosus 

By Jack C. Coouey, M.D., Joun W. Kirxuin, M.D., O. THeron Cuiacert, M.D., 

James D. DuSuHane, M.D., Howarp B. BurcHELL, M.D., anp Eart H. Woop, M.D., Px.D. 

The combination of patent ductus arteriosus and coarctation of the aorta poses special anatomic, 
physiologic and surgical problems. An experience with 14 such cases is presented, which suggests 
that pulmonary hypertension occurs frequently in these cases. Physiologic data in cases having 
coarctation of the aorta, patent ductus arteriosus and pulmonary hypertension that underwent 
cardiac catheterization are presented. Clinical, anatomic, physiologic and surgical implications of 
this combination are discussed. 

HE combination of coarctation of the 

aorta and patent ductus arteriosus may 

present certain special problems 

surgical management. In order to survey 
critically the challenge posed by these rela- 

tively uncommon cases, the surgical experience 

with them at the Mayo Clinic has been re- 

viewed. 

Historically, the combination of coarctation 
of the aorta and patent ductus arteriosus has 

been recognized for more than a century. 

Craigie, in 1841,' was one of the first to de- 

scribe a case having these 2 anomalies. In 

1862 de Almagro? described a similar patient 
who died at the age of 19 years of a cerebro- 

vascular accident. Other patients were re- 

corded by Legg* in 1878, Horder* in 1908 and 

Staunig® in 1913. These latter 3 patients all 

died of rupture of the aorta. Maude Abbott,® 

in an extensive review of the literature on 

coarctation of the aorta in 1928, found that 10 

per cent of 200 patients having this anomaly 

had an associated patency of the ductus 

arteriosus. Of these 200, only 21 were diag- 

nosed ante mortem as having coarctation, 
while seven others were considered to have 

“obstruction of the aorta.” In no instance 
was the association of a patent ductus arterio- 

sus with the coarctation diagnosed ante 

mortem. In the last decade, with the advent 

of increased clinical acumen, reconstructive 

curative surgery, and development of new 

in 
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diagnostic technics, the two associated con- 

ditions have been diagnosed preoperatively and 

effectively treated surgically. 

The records of 193 cases in which coarcta- 

tion of the aorta was treated surgically at the 

Mayo Clinic were reviewed. In 14 instances 

(7.3 per cent of cases), the ductus arteriosus 

was grossly patent. A similar figure was given 

by Gross 7 in a review of 100 cases of coarcta- 

tion of the aorta in 1950. He noted that the 
ductus arteriosus was patent in seven in- 

stances. Other reported instances of this 

combination include case reports by Swan 

and associates® in 1949, Taylor and associates? 

in 1950 and Leeds and associates'® in 1953. 
Edwards and associates,!!: * in several earlier 

communications from the Mayo Clinic, empha- 

sized that increased pulmonary vascular 

resistance could occur with the combination of 
coarctation of the aorta and patent ductus 

arteriosus. They were able to correlate this 

occurrence of increased pulmonary vascular 

resistance with anatomic changes in the 

pulmonary vessels, demonstrated at necropsy. 

One of our cases was previously reviewed in 

detail by them." 

CLASSIFICATION OF CASES 

For many years, classification of coarctation 

of the aorta has been based primarily on the 

site at which the ductus arteriosus, whether 

patent or ligamentous, is attached to the 

aorta. This idea was first suggested by Bonnet 

in 1903. He felt that in those cases in which 

the ligamentum arteriosum inserted proximal 

Circulation, Volume XIII, June, 1956 
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to the coarctation, the lesion should be called 

“adult,’”’ while in those cases with a hypo- 

plastic aortic arch and a ligamentum arteriosum 

inserting distal to the coarctated segment, the 

lesion should be called “infantile.’”’ Johnson 

and associates,’* in an excellent paper on this 
subject, enlarged this classification to include 

not only the location of the ductus with 
respect to the coarctation, but also whether 

or not collateral circulation was present. They 

felt that if the ductus was located proximal 

to the coarctation, collateral circulation was 

necessary to maintain life. If the ductus was 

distal to the coarctation, however, the amount 

of blood flowing from the pulmonary artery 

into the distal portion of the aorta would be 

determined by the comparative pressure of 

the collateral circulation and that of the 

pulmonary artery. 
The experience at the Mayo Clinic with 14 

cases of coarctation of the aorta associated 
with patent ductus arteriosus suggests that an 

important feature of this combination of 

defects is the presence or absence of pulmonary 

hypertension. The association of pulmonary 

hypertension with patent ductus arteriosus 

and coarctation of the aorta has been discussed 

previously from this institution.’ "»" The 14 
cases of associated coarctation of the aorta 

and patent ductus arteriosus in this study 
have been divided into two groups: coarcta- 

tion associated with patent ductus arteriosus, 

pulmonary hypertension and increased pul- 

monary. resistance; and coarctation associated 
with patent ductus arteriosus but with normal 

pulmonary resistance. For these purposes, 

pulmonary hypertension is defined as an 

average pressure in the pulmonary artery in 

excess of 40 mm. Hg systolic, and increased 

pulmonary resistance represents a resistance 

in excess of 200 dynes sec. em.~®. 

In this series, the occurrence of patency of 

the ductus arteriosus without pulmonary 
hypertension posed only slight additional 
problems in the treatment of coarctation of 

the aorta. A patent ductus arteriosus as- 

sociated with pulmonary hypertension, how- 

ever, added considerably to the technical 

problems of operation in coarctation. It seemed 

of secondary importance, surgically, whether 

the patent ductus attached to the aorta in 

the coarctated area, above it or below it. 

CLINICAL DaTA 

In eight patients patent ductus arteriosus 

was found at operation to be associated with 

coarctation of the aorta in the absence of 
pulmonary hypertension. In six of these 

patients the ductus entered the aorta proximal 

to the coarctation while in one patient the 

ductus entered opposite and in another distal 

to it. Seven of these eight patients had well- 

developed collateral circulation. There was one 

postoperative death in this group. 
Six patients had patent ductus arteriosus 

associated with aortic coarctation and ac- 
ceptable evidence of pulmonary hypertension. 

The ages of the patients in this group varied 
between 20 months and 27 years. In 1 of the 6 

patients with coarctation, patent ductus 

arteriosus and pulmonary hypertension, the 

ductus was divided but the coarctation was 

not resected. In the five cases in which a 

complete repair was done, there were two 

postoperative deaths. 
The location of the ductus with respect to 

the coarctation was different in the cases in 
which pulmonary hypertension was _ present 

from those in which the pulmonary pressure 

was normal. While 6 of the 8 patients in 

the group without pulmonary hypertension 

had a ductus joining the aorta proximal to the 

coarctation, 1 of the 6 in the pulmonary 

hypertension group had a ductus joining the 
aorta proximal to the coarctation, while 

in three the ductus arteriosus entered exactly 

at the coarctation and in two it entered the 

aorta distal to the coarctation. Table 1 in- 

cludes a summary of the clinical data in these 

six cases in which pulmonary hypertension 
was present. 

PuysroLocic Data 

In only 4 of the 6 patients with pulmonary 

hypertension were preoperative catheteriza- 

tion data available (table 2). In the other 2 

cases, acceptable evidence of severe pul- 

monary hypertension was obtained at opera- 



COOLEY AND CO-WORKERS 845 

‘ABLE 1.—Clinical Data on 6 Patients with Coarctation of the Aorta, Patent Ductus Arteriosus, and Pulmonary 
Hypertension 

Anatomy 

| Ductus at coarctation, 

poor collateral circu- 
lation 

Shunts (by catheterization) 

On air: R—> Land L—> 

R 
On O2:: L— R only 

Operative procedure 

Ductus_ divided, 

coarctation re- 

sected 

Result 

Died several hours 
postoperatively 

Ductus proximal to co- 
arctation, good col- | 

lateral circulation 
| Ductus at coarctation, 

poor collateral circu- R 
lation 

Ductus at coarctation, 

poor collateral circu- 
lation 

Ductus distal to coare- 
tation 

20 mo. 

5 | 16 yr. 

data 

No 

data 

Ductus distal to coare- 
. | 

tation, poor collat- | 

eral circulaton 

On air: L— R only 
No oxygen studies 

On air: R— Land L— 

| On O2: L > R only 
On air: R-> L 

On 0.:L—->R 

No catheterization 

catheterization 

Ductus divided, 
coarctation re- 

sected 

Ductus_ divided, 

coarctation re- 

sected 

Ductus divided, 

coarctation re- 

sected 

Ductus divided, 

coarctation not 

resected 

| Ductus divided, | 
| coarctation re- | 
| seeted | 

Good 

Good, regression, 
pulmonary hyper- 
tension 

Good 

Fair 

Died suddenly on 

thirteenth post- 
operative day 

TABLE 2.—Physiologic Data from Cardiac Catheterization on 4 Patienis with Coarctation of the Aorta, Patent Ductus 

Pressure, mm. Hg 

| 

Femoral . , Right 
artery Radial artery | ventricle trunk 

| 

| Pulmonary | 

Arteriosus, and Pulmonary Hypertension 

l 
| |— 

Flow, L./min. Shunts, % 

Pulmonary | Systemic R-L L-~R 
Wedge 

oe 67/53 L.: 65/53 

R.: 95/58 

182/70 

140/50 

110/68 

98/8 92/66 

2 109/77 

3* 115/63 

4* 59/46 

61/13 
109/7 
124/8 

61/41 
106/68 
131/77 

| 

| 

Air | O2 | Air | Oz | Air | Oz | Air| Os | 

| | 

35/22 | — | | | 30 | 

| 
30/20 

* Catheterized under general anesthesia. 

+ Descending aorta. 

t These values for pulmonary blood flow and left — right shunt are subject to large error, since they are based 
on an arteriovenous difference of only 0.5 volume per cent. 

iion by the surgeon’s noting a very tense 

uulmonary artery in which the pressure seemed 
qual to that in the aorta. In 2 of the 4 pa- 

ients who underwent cardiac catheterization, 

he pulmonary artery pressure was as high 

s or higher than the aortic pressure above 

he coarctation. The ages of these patients 

‘ere 4 years and 20 months, respectively. 

n both cases, there was right-to-left shunting 

f blood across the ductus arteriosus when the 

atients were breathing room air, and as- 

ciated desaturation of blood in the descend- 
ig aorta. No such right-to-left shunting was 

present when the patients were breathing 100 
per cent oxygen, however. Left-to-right shunt- 

ing of blood was present in only one of these 

cases on room air and in both cases on oxygen. 
Two of the four patients, ages 12 and 27 

years, respectively, had pulmonary artery 

pressures lower than those of the aorta above 
the coarctation, one being 61/41 mm. Hg 

and the other 106/68 mm. Hg. This latter 

patient had right-to-left shunting of »lood 

across the patent ductus when breathing air 

but no right-to-left shunt when breathing 

oxygen, while the former patient had no right- 
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TaBLE 3.—Pulmonary and Systemic Vascular Re- 

sistances in Four Cases of Patent Ductus Arteriosus, 

Coarctation of the Aorta, and Pulmonary Hyperten- 

sion in Which Cardiac Catheterization Was Performed 

Total pulmonary 
resistance, . 

dynesgsec. cm.~* 

Total systemic 
resistance, 

dynes sec. cm.~> 

Air Oz Air Oz 

774* 662 1 ,362* 1,075 

468 — 2,035 _ 
860 150 | 2,240 2,615 

4,750 1,261 | 4,100 3,960 

An assumed oxygen uptake was used for the 

calculation of pulmonary and systemic blood flow in 
this case. 

* 

to-left shunt or aortic desaturation. Both 

patients had a left-to-right shunt, the latter 

one having a 92 per cent* shunt in this direc- 

tion when breathing oxygen. 

Direct femoral artery pressures were meas- 

ured preoperatively in all four patients who 

were catheterized. In each instance these 

pressures were considerably lower than simul- 

taneous radial pressures (table 2). 

Pulmonary and systemic flow calculations 

employing the Fick principle were carried 

out with the patient breathing in sequence 

air and oxygen in 2 of these 4 catheterized 

patients, and in a third patient with the 

patient breathing air only. Table 2 includes 

the amount of flow calculated. These flows 

reflect the decrease in pulmonary resistance 
and increase in left-to-right shunting of blood 

across. the ductus and into the pulmonary 

circulation that occurs when the patient 

breathes oxygen. The calculation of the total 

pulmonary resistance and total systemic 

resistance was carried out on the four patients 

who were catheterized preoperatively. These 

data are included in table 3. 
One of the four cases has been reviewed in 

detail recently by Shepherd and associates." 

They found the total pulmonary resistance to 

be 860 dynes sec. cem.—> preoperatively. It 

could be reduced to 150 dynes sec. cm.-> 
with the patient breathing 99.6 percent oxygen. 

The pulmonary arteriolar resistance on air 

* This value is subject to large error, since it is 
based on an arteriovenous difference of only 0.5 

volume per cent. 

was also markedly elevated, being 620 dynes 

sec. em.—> Four months postoperatively, this 

patient was again catheterized. His excellent 

clinical result was reflected in the postoperative 

catheterization findings. Table 4 gives a brief 

résumé of these findings. It is to be noted that 

right ventricular pressure fell from a_pre- 

operative level of 109/7 to 59/3 mm. Hg 

postoperatively, while the pulmonary arterial 

“wedge” pressure fell from 30/20 to 17/11 mm. 

Hg. Similarly, the total pulmonary resistance 

fell in 4 months after operation to 596 dynes 

sec. cm.-> Pulmonary arteriolar resistance 

fell postoperatively, being 372 dynes sec. em.~* 
This patient was clinically well and had com- 

pletely recovered from the effects of operation. 

RESULTS OF OPERATION 

The results of operation in the group of 

eight patients having a patent ductus arteriosus 

associated with coarctation of the aorta and no 

pulmonary hypertension were good in every 

case except for the one postoperative death. 

Of the six patients having pulmonary hyper- 

tension, patent ductus and coarctation of the 

aorta, two died in the postoperative period. 

Of the four patients surviving operation, three 

had good results with adequate lowering of 

the systemic blood pressure. One of these 

underwent cardiac catheterization preopera- 

tively and _ postoperatively, as previously 

indicated. One patient, however, had only a 

fair result—the one in whom the ductus was 

divided without repair of the coarctation. 

ANATOMIC AND PuHysIoLocic FEATURES 

In this group of 14 cases of combined 

defects the physiologic and the anatomic 

patterns seemed related. An endeavor was 

therefore made to classify each case according 

to the point of attachment of the patent 

ductus arteriosus and the aorta with reference 
to the coarctation. In several cases this was 

difficult to determine and required microscopic 

study for accurate classification.* Three 

different insertions of the patent ductus were 

recognized: proximal to the coarctation, at or 

* We are indebted to Dr. J. E. Edwards for as- 

sistance in this regard. 
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TABLE 4.—Comparison of Preoperative and Postoperative Data on Case 3 from Cardiac Catheterization 

Pressure, mm. Hg 

Pulmonary Right 
trunk ventricle Wedge 

"106/68 | 109/7 | 
59/3 

30/20 

17/11 
Preoperative 
Postoperative....... 51/13 

opposite the coarctation, and distal to the 
coarctation. 

When the patent ductus inserted proximal 

to the point of coarctation, a left-to-right shunt 

from the aorta to the pulmonary artery was 

usual. This shunt was suspected in all seven 

of the patients with this anatomic arrangement, 

although it was confirmed only in the one 

patient who was catheterized preoperatively. 
Pulmonary hypertension and increased pul- 

monary vascular resistance were rarely found 
when the ductus inserted proximal to the 

coarctation. Only 1 of 7 patients in this 

category had pulmonary hypertension and 

this patient had no right-to-left shunt. 
When the patent ductus inserted at or 

opposite the coarctation, a different physiologic 

pattern occurred. Four of the patients had this 

anatomic arrangement. In three of these 

(cases 1, 3 and 4) pulmonary hypertension 

and increased pulmonary resistance were 
demonstrated at cardiac catheterization. The 
other patient was not catheterized, but the 
surgeon noted evidence of pulmonary hyper- 

tension. All of the patients in this group 
studied by cardiac catherization had bidirec- 

tional shunts. In those cases in which the 
ductus inserted opposite the coarctation, the 

aortic obstruction seemed less marked than in 

the usual case of coarctation (table 2). In this 

connection all four patients having this 

anatomic arrangement had little or no col- 

lateral circulation. It is probable that the 

ductus acts as a detour, blood flowing from the 

proximal portion of the aorta into the aortic 
end of the ductus, around the coarctation, 

and thence from the ductus into the distal 

portion of the aorta. 

When the patent ductus inserted distal to 
he coarctation, the physiologic situation was 

comewhat. different. In one of the patients, 

he coarctation was not severe and there was 

Radial artery | Femoral artery 

Resistance, dynes sec. cm.~5 

Total pulmonary Pidineee 

Air | arteriolar, air 
J 2 

140/50 | 115/63 | 860 620 
137/75 133/80 | 596 | 372 

considerable flow directly down the aorta with 

little collateral circulation. This patient also 

had pulmonary hypertension as judged by the 

surgeon and was the only patient in whom 

resection of the coarctation was not carried 

out, although the ductus was divided (case 5). 

In another case in which the ductus inserted 

below the coarctation, there were severe 

coarctation, minimal collateral circulation 

and pulmonary hypertension. Although cardiac 
catheterization had not been done to settle 
the point, it is probable that the ductus was 

supplying a portion of the descending aortic 

blood. In a third case with the ductus inserting 

below the coarctation, there was good col- 

lateral circulation and no pulmonary hyper- 

tension. Although cardiac catheterization was 

not carried out, presumably this patient had a 

left-to-right shunt supplied by the collateral 

circulation to the pulmonary artery. From 

these examples it is apparent that the flow of 

blood down the descending aorta in patients 

in whom the ductus inserts below the coarcta- 

tion is governed by several factors: the caliber 

of the aortic lumen at the coarctation, the 

status of pulmonary resistance, and the de- 

velopment of the collateral circulation. 

CLINICAL CONSIDERATIONS 

Significant in a discussion of the surgical 

aspects of patients with patent ductus arteriosus 

and coarctation of aorta is the fact that 6 
of 14 such patients had pulmonary hyper- 

tension and that of the 5 patients with pul- 

monary hypertension in whom the combined 

defect was completely repaired two died in the 
postoperative period. One death occurred 
within a few hours of operation. In this 4 

year old child the wedge pressure had been 

elevated at the time of cardiac catherization. 
At necropsy, mitral insufficiency and endo- 

cardial sclerosis of the left ventricle were 
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found. All suture lines were intact. The other 

hospital death occurred suddenly, 13 days 

after operation. Necropsy did not reveal the 

-ause of death in this case. 

In instances of severe pulmonary hyper- 

tension and attachment of the ductus in the 

region of the coarctation or distal to it, con- 

siderable amounts of the blood going into the 

descending aorta may be coming from the 

pulmonary artery, as already mentioned. The 

usually rich collateral circulation is sometimes 

poorly developed under these circumstances. 

Then cross-clamping of the aorta for a period 

long enough to allow an aortic resection and 

anastomosis might theoretically cause paralysis 

of the lower limbs. This catastrophe has not 

occurred in any of the cases in this series. 

Because of this theoretic possibility, however, 

the anastomosis is made with as much dis- 

patch as possible. In the last case in which 

operation was performed, moderate hypo- 

thermia was utilized for protection of the 

spinal cord during the operation as suggested 

by De Bakey and Cooley." 
Another fact concerning this group of pa- 

tients may be of importance in the postopera- 

tive management, namely, that high oxygen 

concentrations lower the pulmonary artery 

pressure in most people with pulmonary 

hypertension associated with congenital heart 

disease.’ For this reason, the patient is kept 

under high oxygen concentrations for a pro- 

longed period after operation, in some in- 

stances: 7 to 10 days. Though this maneuver 
is on an empiric basis, it may lower the pul- 

monary artery pressure enough to take some 

of the strain off the right ventricle during 

this critical period. 

Obviously, since the technical problems of 

dividing the ductus in a patient with a tense, 

often thin pulmonary artery are great, care 
must be taken during the procedure itself. 

It is of value, after the dissection has been 

entirely completed, to plan the rest of the 

operation carefully. It is usually best to place 

the occluding clamp on the ductus in such a 

position that there is a small but definite space 
between it and the pulmonary artery. The 

aorta can be cross-clamped in the usual fashion 

for resection of the coarctation and divided 

above and below the coarctated area. This 
procedure leaves the coarctated portion of the 

aorta attached to the patent ductus arteriosus. 

After completing the end-to-end aortic anasto- 

mosis in the usual fashion and opening the 

anastomosis, one can trim away enough of 

the coarctated portion of the aorta so that the 

patent ductus is left in a condition suitable 
for closure. In this way, an adequate cuff for 

one row of fine interrupted silk sutures is left 

and a satisfactory closure can be obtained. 

SUMMARY 

The association of a patent ductus arteriosus 

with coarctation of the aorta has occurred in 

about seven per cent of cases of coarctation of 

the aorta in which surgical treatment was used. 

In many cases the patency of the ductus 

arteriosus is small and unimportant physio- 

logically and is discovered at the operating 

table. This group presents little trouble, 

either technically or prognostically to the 

surgeon. The group in which a patent ductus 

arteriosus is associated with pulmonary hyper- 
tension, however, is important to recognize 

preoperatively, both because of the greater 
risk of operation and because of the guarded 

sarly and late prognosis. 

The pathologic physiology, surgical technic, 

and postoperative care of the patient with 

coarctation, patent ductus, and pulmonary hy- 
pertension are discussed. 

SUMMARIO IN INTERLINGUA 

Le association de patente ducto arteriose con 

coarctation del aorta occurreva in circa 7 pro 

cento del casos de coarctation del aorta in que 

un operation chirurgic esseva effectuate. In 

multe casos le patentia del ducto arteriose es 

pauco extense e sin importantia physiologic de 
maniera que illo es discoperite solmente durante 

le operation. Iste gruppo de casos presenta al 
chirurgo nulle extraordinari problemas technic 

0 prognostic. Tamen, le gruppo de casos in que 

un patente ducto arteriose es associate con 

hypertension pulmonar implica plus grande 
riscos operatori e require un plus alte grado de 

circumspection in le prognose tanto immediate 
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como etiam a longe durantia de maniera que 

lor recognition ante le operation deveni un 
desiderato multo importante. 

Es discutite le physiologia pathologic, le 

technica chirurgic, e le maneamento post- 

operatori de patientes con coarctation, patente 

ducto arteriose, e hypertension pulmonar. 
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The Effect of Hyperventilation on the 
Normal Adult Electrocardiogram 

By R. H. Wassersurcer, M.D., K. L. Stepecker, Jr., M.I., anp W. C. Lewis, M.D. 

With the technical assistance of C. Janet Lloyd 

The effect of brief hyperventilation on the precordial T waves of 350 normal adults is described. 
Evidence is presented that brief hyperventilation initiates a vagal reflex which results in the T- 
wave inversion. Supportive data are also given to exclude respiratory alkalosis as a possible mech- 
anism. Caution is advised in interpreting isolated T-wave inversions as indicative of organic 
heart disease. It is proposed that isolated T-wave inversion be deleted as a criterion for a “positive” 
exercise test. 

RANSIENT or persistent T-wave in- 

versions in the left and midprecordial 
unipolar leads have been observed in 

approximately 10 per cent of apparently 

healthy, adult Negro males and less commonly 

in Caucasian adults.!:? This pattern is known 

as the “juvenile pattern” because of its re- 

semblance to the T-wave changes observed in 

infants and young children. The clinical im- 

portance of these electrocardiographic changes 

lies in the similarity to those of organic heart 

disease. 
Previous reports showed that the T-wave 

inversions could be abolished by the oral ad- 

ministration of potassium salts or by pro- 

pantheline bromide (Pro-Banthine, Searle) 

given intravenously.':? Hyperventilation, on 

the other hand, intensified the precordial T- 

wave inversions and, when the T-wave had 

transiently become upright, elicited the orig- 

inally observed T-wave changes. 
These observations with hyperventilation 

prompted a study of the electrocardiographic 
effects of hyperventilation on a number of 

adult patients who had normal resting electro- 

cardiograms. In addition, the effects of breath- 
ing various concentrations of carbon dioxide 
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and oxygen were investigated to determine 

whether the observed T-wave changes were due 

to respiratory alkalosis. The effects of the vagal 

blocking agent, Pro-Banthine, and the potas- 

sium ion in abolishing the hyperventilation 

effect were once again studied. The patients 

were also evaluated from the emotional stand- 

point, inasmuch as it has been established! * 

that the patients exhibiting the overt ‘‘juvenile 

electrocardiographic pattern’? were tense, im- 

mature, and often neurotic. 

MATERIALS AND METHODS 

Electrocardiograms were taken of 901 patients in 
the Veterans Administration Hospital, Madison, 

Wis., between Jan. 1, 1954 and Sept. 30, 1955. Of 
this total, 350 patients were selected for inclusion 
in this study on the basis of the following criteria: 
(1) the presence of a normal resting electrocardio- 
gram, (2) absence of debility, (3) an age range be- 
tween 18 and 50 ycars and (4) no clinical evidence of 
coronary artery or significant cardiovascular disease. 
Of this group, there were 258 Caucasians and 92 
Negroes; the mean age was 35 years. 

All electrocardiograms were taken in recumbency, 
with a direct-writing machine. Hyperventilation 
consisted of 10 to 15 seconds of forced, rapid respira- 
tion that was repeated during the recording of each 
precordial unipolar lead. The patients exhibiting 
the most marked T-wave changes during hyper- 
ventilation (positive reactors) were subjected to the 
following additional studies: 

1. Hyperventilation during Inhalation of Various 
Gaseous Mixtures 

Six patients with the most striking T-wave in- 
version following hyperventilation were observed 
during the inhalation of various gaseous mixtures 
containing low, normal, and high concentrations of 
oxygen and carbon dioxide. Hyperventilation was 

Circulation, Volume XIII, June, 1956 
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Fic. 1. Lead V, electrocardiogram during complete hyperventilation study on L. M., 32 year old 

Negro. The percentages refer to oxygen saturation. The control tracing, with patient breathing 

room air, showed a very active hyperventilation reflex with marked T-wave inversion within 8 sec- 
onds. This effect persisted while the patient breathed low O2, normal CO2; high Oz, normal CO; 

low Oc, high CO2; and high Oz, high CO. The T-wave inversion patterns during the inhalation of 

excessive CO: (11 per cent) were shorter than those seen on previous studies. 

repeated during the inhalation of each of the 4 
gaseous mixtures. The unipolar leads with the most 

marked T-wave changes during the control hyper- 
ventilation were recorded during the administration 
of the gaseous mixtures. Continuous monitoring 
with a Waters-Conley ear oximeter was carried out 
during the period of gas administration to detect 
changes in arterial saturation. Arterial blood pH, 
pCOz and venous blood potassium concentrations 
were not measured. 

2. Vagal Blockade 

The effect of a vagal blocking agent, Pro-Ban- 
hine, in abolishing the hyperventilation effect was 
tudied in 11 instances. Pro-Banthine, (30 mg. 
iluted in 10 ml. of water) was administered intra- 
enously in increments of 5 mg. over a 3 to 4 minute 
eriod. The endpoint of drug administration was 
ichycardia of 140 to 150 beats per minute. Hyper- 
entilation was subsequently repeated during 
1aximal Pro-Banthine activity, usually 45 to 90 
iinutes following the injection, when the drug- 
iduced tachycardia had stabilized at 125 to 130 
eats per minute. 

. Potassium Salts 

The effect of 10 Gm. of orally administered 
otassium salts, (5 Gm. of potassium bicarbonate 
nd 5 Gm. of potassium acetate, diluted in 30 ml. 

of water) in abolishing the electrocardiographic 
effect of hyperventilation was likewise studied in 
six instances. Hyperventilation was repeated 30 to 60 
minutes after ingestion of potassium, the period of 
maximal drug effect. 

4. Psychiatric Evaluation 

Twelve patients had previously been referred for 
psychiatric consultation and 11 additional patients 
were available for psychiatric study when the 
evaluation of the emotional factors were under- 
taken. Twenty-five patients had completed the 
Madison Sentence Completion Form® (a test method 
designed specifically to evaluate the attitudes and 
emotional reactions of patients with tuberculosis). 
Therefore, all patients in this study had either 
psychologic testing or psychiatric evaluation, and 
many had both. During the individual standardized 
psychiatric interviews, emphasis was placed on the 
patient’s personality structure, maturity, and reac- 
tions to emotional stress. 

RESULTS 

T-wave inversions were observed in 37 of 
the 350 patients tested by hyperventilation. 

The T-wave changes were observed in two or 

more of the mid and left precordial leads. 
Twenty-five were Caucasians and 12 were 
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Negroes (9.5 and 13 per cent, respectively). 

The mean age of the positive reactors was 32 

years and was similar in Caucasians and 

Negroes. 

1. Hyperventilation during Inhalation of Various 

Gaseous Mixtures 

Regardless of the inhaled gaseous concentra- 

tion, persistent T-wave inversion was observed 

upon brief hyperventilation in the 6 patients 

studied. The T-wave inversion, however, that 

occurred during a period of inhalation of 89 

zr m vi 

8-10-54 Swe iad 

per cent oxygen and 11 per cent carbon dioxide 

was of shorter duration. The effect of hyper- 

ventilation was not so great during this period, 

apparently because of the narcotizing effect of 

the high concentration of CO. Oxygen satura- 

tion increased uniformly during the period of 

hyperventilation in all gaseous atmospheres 

(fig. 1). 

2. Vagal Blockade 

Complete abolition of the hyperventilation 

effect by Pro-Banthine was observed in 8 of 
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Fic. 2. A 26 year old Negro. Electrocardiograms on 8-10-54 and 8-27-54 were normal. Marked 

T-wave inversions, V; through Vs, followed hyperventilation and disappeared after Pro-Banthine. 

The tracing of 11-8-54 was normal and marked inversions of T waves in V; and V, followed hyper- 
ventilation. 
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Fic. 3. W. W., a 22 year old Negro. Resting electrocardiogram of 3-11-55 was normal. Hyper- 

ventilation resulted in marked. T-wave inversions except after the ingestion of potassium. 

the 11 patients studied (fig. 2). One patient 

showed only partial blockade and two patients 

howed no change. In these two patients, only 

» mg. of Pro-Banthine were given because of 

narked tachycardia. Previous studies have 

ndicated that at least 15 mg. are necessary to 

tbolish the hyperventilation effect. There were 

10 other untoward effects of Pro-Banthine. 

}. Potassium Salts 

The oral administration of potassium salts 

onsistently abolished the hyperventilation 

‘eflex within 30 to 60 minutes in the 6 patients 

tudied (fig. 3). There was no evidence of 

otassium toxicity. 

4. Psychiatric Evaluation 

The prevalence of autonomic instability, 

tension and anxiety and marked hypochon- 

driac tendencies, found in our earlier series,? 

was confirmed in the present group of 37 

patients. The patients were generally shy, 

passive-dependent and inhibited with marked 

inner tension. They showed an inability, or 

at least a marked disinclination, to express 

their feelings. Most had palmar hyperhidrosis, 

some dripped with sweat and many admitted 

extreme tension and palpitation during the 

interview. Diarrhea and frequency of urina- 

tion were noted by a number of patients when 
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under tension. The unsuccessful nature of the 

patients’ defense against anxiety was striking. 

Their relations with others had a distinctly 

immature flavor. Compulsive compliance was 

the most common method of handling aggres- 

sive feelings. It would appear that the “‘juve- 

nile pattern” in the electrocardiogram has its 

emotional counterpart in a particular form of 

“Juvenility” of personality. 

Discussion 

Much stress is placed on the diagnostic and 

prognostic significance of isolated T-wave 

inversions.*-® Indeed, one of the principal 

criteria of an abnormal exercise test is a re- 

versal in polarity in the precordial T waves.7~* 

Such T-wave inversions have been observed 

as a benign “juvenile pattern” in apparently 

normal, young, Negro males. This pattern is 

nevertheless frequently misinterpreted as show- 

ing coronary, myocardial, or pericardial dis- 

ease. 
The overt “juvenile pattern’ has been 

found in approximately 10 per cent of adult 

Negro males, though it is relatively rare 

among Caucasian males.’ It appears from the 

present study that the pattern is latent in 

both Negro and Caucasian males. The latent 

form can be demonstrated by subjecting the 

patient to a brief period of hyperventilation. 

With this technic it was found in 13 per cent 

of the Negro and 9.5 per cent of the Cau- 

casian patients. 

It has been suggested that the T-wave in- 

versions during hyperventilation were due to 

respiratory alkalosis." The promptness with 

which the pattern follows initiation of hyper- 

ventilation and the appearance of the pattern 

during inhalation of high concentrations of CO, 

exclude this mechanism. 
The hyperventilation effect may be ex- 

plained as a vagal reflex arising in the thorax, 

similar to the Hering-Breuer reflex. Support 

is given to this concept by the blockade of the 

effect by Pro-Banthine or potassium. 

Psychiatric evaluation of these patients 
showed them to be tense, immature, and emo- 

tionally disturbed. They expressed much 

inner hostility, yet exhibited external passiv- 

ity, and they met stressful situations with 

compulsive compliance. The T wave therefore 
might well be regarded as the ‘“‘stress segment” 

of the electrocardiogram. 

SUMMARY 

The electrocardiograms of 350 normal adult 
males were studied following brief hyperven- 

tilation. 

In 37 patients, T-wave inversions were ob- 

served in two or more of the precordial leads. 

This phenomenon is regarded as a latent 

“juvenile pattern.” 

Psychiatric evaluation of these patients 

revealed them to be tense, immature and emo- 

tionally disturbed. ‘“Juvenility”’ is expressed 
in their personality structure as well as in 

their electrocardiogram. 

Respiratory alkalosis was excluded as the 
underlying mechanism by observation of the 

pattern during forced breathing of high CO, 

atmospheres. 

The hyperventilation effect is believed due 

to a vagal reflex. Support is given this concept 

by demonstration of the blocking effect of 

Pro-Banthine and potassium. 

Caution is advised in interpreting isolated 

T-wave inversions as indicative of organic 

heart disease, particularly in emotionally 

disturbed, tense individuals. It is proposed 

that isolated T-wave inversion be deleted as a 

criterion for a “‘positive’’ exercise test. 
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SUMMARIO IN INTERLINGUA 

Le electrocardiogrammas de 350 normal 

adultos mascule esseva studiate post breve 

hyperventilation. In 37 subjectos, inversiones 

del unda T esseva observate in 2 o plus deriva- 

tiones precordial. Iste phenomeno es consi- 

derate como un latente “configuration juvenil.” 

Le evalutation psychiatric del subjectos reve- 

lava que illes esseva tense, immatur, e emo- 

tionalmente disturbate. “Juvenilitate’’ es mani- 

feste in le structura de lor personalitate tanto 

ben como in lor electrocardiogramma. Alcalo- 

sis respiratori esseva excludite como mecha- 

nismo subjacente proque le configuration se 
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observava durante le respiration fortiate de 
ere a alte contento de COs. Le effecto del 

iyperventilation es debite in nostre opinion a 
in reflexo vagal. Iste conception es supportate 

oer le demonstration de un effecto blocante 

de Pro-Banthina e kalium. Nos recommenda 

prudentia in interpretar isolate occurrentias 

de invertite undas T como indication de 
ganic morbo cardiac, specialmente in tense 

e emotionalmente disturbate individuos. Nos 

propone que le occurrentia isolate de invertite 

undas T es supprimite como criterio de “‘posi- 

tivitate” in tests de exercitio. 
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Results of Prolonged ‘Treatment with 

Pentolinium Tartrate 

with Special Reference to the Addition of Rauwolfia, 
Hydralazine or Both 

By Epwarp D. Frets, M.D., ann InsE M. Witson, M.D. 

A series of 96 patients with severe hypertension has been treated with pentolinium tartrate for 
an average period of 12 months. Seventeen patients died. Therapy was more effective in arresting 
changes in the optic fundi and in the heart than in the kidneys. Various combinations of hypo- 
tensive agents were tested and it was concluded that in general the combination of pentolinium 
tartrate, Rauwolfia and hydralazine resulted in the greatest reduction of blood pressure with the 
least degree of side effects due to ganglionic “blockade.” 

OON after pentolinium tartrate was syn- 

thesized by Libman, Pain and Slack,! 

pharmacologic studies by Wein and 

Mason? indicated that it was a potent gangli- 

onic blocking agent with a prolonged duration 

of action. Preliminary clinical results were re- 

ported by Campbell and Maxwell,’ Smirk* and 

from this clinic.’ These reports indicated that 

pentolinium tartrate was an orally effective, 

potent, antihypertensive drug that appeared 

to be useful in the treatment of patients with 

more severe, fixed types of hypertension. In 

the present report, the long-term experience 

with pentolinium tartrate both alone and in 

combination with certain other hypotensive 

agents is presented. 

MATERIALS AND METHODS 

The treatment group consisted of 96 patients 
selected because of severe, sustained hypertension 
(table 1). Their ages ranged from 27 to 65 years, 

From the Cardiovascular Research Laboratory, 

Georgetown University Hospital, the Department of 

Medicine, Georgetown University School of Medicine 
and the Veterans Administration Hospital, Washing- 
ton, D.C. 

Supported in part by research grants from Wyeth 

Laboratories, Inc., Philadelphia, Pa., the National 
Heart Institute, U. S. Public Health Service, the 

Squibb Institute for Medical Research, New Bruns- 

wick, N. J. and Irwin, Neisler and Company, 
Decatur, Ill. 

Pentolinium tartrate (Ansolysen) was generously 
supplied by Daniel L. Shaw, Jr., M.D., Wyeth Labo- 
ratories, Philadelphia, Pa. 

with an average age of 47 years. All except 15 of 
these patients were hospitalized prior to or during 
the initiation of treatment with pentolinium. Prior 
to therapy, 56 per cent exhibited grade III or more 
changes in the optic fundi and 39 per cent had some 
degree of nitrogen retention. 

Electrocardiograms were taken of 83 patients and 
66 exhibited the pattern of left ventricular hyper- 
trophy. Frank congestive heart failure was diagnosed 
in 13 of the patients, although lesser degrees of 
cardiac decompensation as manifested by exertional 
dyspnea were common. Cardiac enlargement was 
present in 58 of 76 patients who had roentgenograms 
taken prior to treatment. 

The method of adjusting dosages of pentolinium 
tartrate has been described in previous communica- 
tions.** The duration of treatment ranged from 3 to 
27 months, with a mean of 12 months. Seven were 
treated for 24 months or longer, 44 were treated 
from 12 to 24 months, 26 from 6 to 12 months, and 
18 from 3 to 6 months. In the majority of the cases, 
various other hypotensive agents were added to 
pentolinium tartrate for periods of time as are 
described below. 

RESULTS 

Over-all Results of Treatment 

Mortality 

There were 17 deaths in the entire series. Of 

these, 10 exhibited grade IV fundi; 4, grade 

III; and 3, grade II fundi prior to therapy. The 

survival from beginning of treatment to death 

in this group averaged 11 months, and in the 

malignant group, 13 months. The causes ot 

death were as follows: nephrosclerosis with 

uremia in 11, cerebral hemorrhage in 4, rup 

Circulation, Volume XIII, June, 195 
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TABLE 1.-—Severity Indices of Patients Prior to 

Treatment with Pentolinium Tartrate 
dyspnea usually improved, whereas in the 

case of angina a few improved but an equal 

number were made worse. Nocturia usually 

decreased but in some it increased, particu- 

larly in those who exhibited considerable pos- 

tural hypotension, the latter tending to pro- 

duce oliguria during the day. 

| No. of % of 
| Cases | Total 

| 

Parameter 

71 | 74 
‘emale 25 
yptie fundi: grade IV | 34 

mrene: TEE. 5.605.650 

grade IT.. 

grade I. 

Tnelassified*. . .. 

‘levation of blood urea nitrogen or 

nonprotein nitrogen......... 

\lbuminuria: 2 to 4 +. : 

trace tol +.. 

(55 cases) under 15 per cent........ 

leetrocardiogram (83 cases) LVH | 

pattern | 66 

Increased transverse diameter of heart. | 

(76 cases) 

* Corneal opacities prevented examination. 

ture of an aortic aneurysm in 1, and myocar- 

dial infarction in 1. Twenty-four of the grade 
IV patients still survive, 9 have been under 

treatment for periods varying from 19 to 27 
months, 7 from 12 to 18 months, and 8 from 

* to 10 months. 

Morbidity 

Myocardial infarction occurred in only one 

case listed above. Two patients developed per- 
sistent angina with electrocardiographic evi- 

dence of myocardial ischemia. In these two 
and in one other patient with electrocardio- 
vraphic changes, it was necessary to discon- 

tinue pentolinium tartrate because of angina. 

'n one other patient the routine “check-up” 

clectrocardiogram revealed the development 

of a pattern consistent with an old myocardial 
ifarction although the patient had experi- 

caced no symptoms. 

In addition to the four who died with cere- 
| rovascular hemorrages, two patients developed 

. »rebrovascular accidents of slight degree while 

ider treatment. Only one patient required 

| ospitalization. 

Effect on Symptoms 

The results (table 2) indicate that the symp- 
t ms of headache, dizziness, palpitation and 

Seven patients had cerebral vascular acci- 

dents with residuals prior to treatment. None 

showed any striking improvement, and there 

TABLE 2.—Changes in Symptoms Following Treatment 

aa 

No. 0 Com- coord | vo 
Patients Fo proved or oa elief | Worse |Provec 

Symptom 

Headache. 83 

Exertional dyspnea.| ‘ f 76 

Dyspnea at rest.... 5 | 6 | 87 
Paroxysmal noc- 

turnal dyspnea. . : ; 100 

Palpitation . a j : : ’ 67 
Angina..... rr 3 40 

Nocturia. ro ee 70 
Dizziness. ; 

CVA residuals. . 

TaBLE 3.—Changes in the Optic Fundi Following 

Treatment with Pentolinium in Ninety-Five Cases 

No. of Patients in Each 
No. of | Grade After Treatment Qq a 1 

Grade Patients i ______| Improved 

IV | 2 | 2 | | 94 
Il 20 | ¢ | 
I 40 2 | 15 

0 

TaBLE 4.—Changes in Cardiac Diameter as Meas- 

ured Roentgenographically and Electrocardiograms 

Following Treatment with Pentolinium Tartrate 

After Treatment 
No. of Cases in 
Each Grouping 

No. of |——— — 
Cases 

ae 
“Cc 

Im- 
proved 

Parameter Pretreatment 

Improved 
| Unchanged} 

Cardiac diameter. . . .| 
Enlarged | _ oO 

Electrocardiography . | 

LVH pattern 

Normal 
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Fic. 1. Photographs of the left optic fundus in W. A., a 32 year old merchant seaman who entered 

the hospital with an accelerated hypertension. This could not be arrested by his family physician who 

had tried reserpine and hydralazine. The patient was treated with pentolinium tartrate and after 
3 months returned to work as a carpenter. The upper left photograph taken prior to treatment reveals 

typical neuroretinitis with papilledema, a large macular ‘‘star’’ and a hemorrhage above the disk. 

The upper right photograph taken 1 month after treatment with pentolinium shows resorption of 
the hemorrhage and diminution in the papilledema and exudates. The lower left photograph was 

taken 3 months and that on the right 9 months after treatment. The fundus has reverted to grade II 

with residual scars in the macular area. 

was a temporary return of paresis or difficulty 
in speech in four of these cases during periods 

of marked hypotension. 

Effect on Objective Findings 

1. Optic Fundi. As shown in table 3 in the 

total series, 67 patients, or 71 per cent, ex- 

hibited improvement in the optic fundi (fig. 1); 

28 cases, or 29 per cent, remained unchanged. 

2. Transverse Diameter of the Cardiac Sil- 

houette. Roentgenograms of the chest were 

taken before and after treatment in 76 of the 

patients (table 4). Fifty-eight were believed to 

show cardiac enlargement. Thirty-three exhib- 

ited a decrease in cardiac diameter, averaging 

1.3 em. (range 0.5 to.4.5 em.), 19 were un 

changed and 6 showed an increase averaging 

1.0 em. The cardiac diameter was considered 
normal prior to treatment in 18 patients. 

Fourteen of these exhibited no significant 
change, while in four there was an increase it: 

size, averaging 1.2 cm. 

3. Electrocardiographic Changes. The electro 

cardiogram was recorded in 75 patients befor: 
and after treatment (table 4). Sixty-five ex 

hibited the pattern of left ventricular hyper 

trophy. After treatment, 4 reverted to normal 
4 showed improvement toward normal, 5' 
were unchanged and 1 exhibited further pro 

gression. Of 11 patients whose electrocardio 
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TaBLE 5.—Changes in Blood Nonprotein Nitrogen 

Urea Nitrogen Levels, Degree of Albuminuria and 

ifteen-Minute Excretion of Phenolsulfonphthalein 

ollowing Treatment with Pentolinium Tartrate 

| 

After Treatment No. of 
Cases in Each Grouping) 

ic 
t | | 

No. of -arameter Pretre: ont . Paramete etreatmen Panee | Im- 
proved 

Improved Unchanged Normal 

‘lood nonprotein 

nitrogen or urea 

nitrogen.... 

Klevated...... 

Normal. ... 

\lbuminuria. . . 

4 plus. 

ST ae 

2 plus. 

1 plus 

trace 

negative. . my 

i:xeretion of phenol- | 

sulfonphthalein..| 45 

Less than 15%.....| 19 37 

16 to 25%... ... 55 26 : 15 

_ 

aS 

oa 

_— 

grams were normal before treatment, 10 

remained normal while 1 developed changes 
characteristic of left ventricular hypertrophy. 

4. Renal Function. The blood nonprotein 
nitrogen or urea nitrogen was estimated in 64 

cases before and after treatment. The results 
(table 5) indicate no consistent trend, some 

showing improvement and an equal number 

increasing azotemia. 

The presence of albuminuria was estimated 
semiquantitatively using the heat and acetic 

acid method on freshly voided specimens of 
urine in 76 patients. The results (table 5) indi- 

cate that 73 per cent of the 38 patients with 1 
plus or more albuminuria showed improve- 

ient. 

The percentage of phenolsulfonphthalein ex- 

‘eted 15 minutes after injection was deter- 

ined in 45 cases before and after treatment 

able 5). In 26 of the cases prior to therapy, 
1e 15 minute excretion ranged between 15 

id 25 per cent of the injected dye. After 

‘eatment there was an increased excretion 
‘eraging 7 per cent above control values in 

of the patients, no essential change in 3 

ises, while in 19 patients there was a de- 

creased excretion averaging 10 per cent below 

the pretreatment level. In the remaining 19 

cases the control excretion was less than 15 
per cent of dye in 15 minutes; of this number 

7 showed an increase following therapy aver- 
aging 8 per cent of the injected phenolsulfon- 

phthalein, 4 were unchanged, and 8 exhibited 

a further decrease averaging 5 per cent. 

Treatment with Pentolinium Alone 

Fifty-four patients were treated initially 
with pentolinium for an average period of 2 

months (range 2 days to 19 months, fig. 2). 

The average pretreatment blood pressure was 

222/137 mm. Hg (range 190/110 to 270/155). 

Following treatment, the average pressure in 

the supine position was 174/106 mm. Hg 

(range 145/95 to 208/135), and 161/101 mm. 

Hg erect (range 130/88 to 200/125). This 

represented a reduction of ‘mean’ arterial 

AVERAGE DAILY DOSE OF PENTOLINIUM TARTR ATE 

C2 PENTOLINUM ALONE 

Hl PENTOLINIUM AND RAUWOLFIA 

PENTOLINIUM AND HYDRALAZINE 
ISS PENTOLINIUM,HYDRALAZINE AND RAUWOLFIA 

PER CENT REDUCTION OF BLOOD PRES SURE-SUPINE 

84 7 20 50 
Cases 

Fig. 2. Chart showing average daily dosage of 

pentolinium (above) and mean per cent reduction of 

blood pressure (below) in the group of patients 

treated with pentolinium tartrate alone as compared 

to the groups treated with the various combinaticns 

of hypotensive agents. The combination of pento- 

linium, hydralazine, and Rauwolfia resulted in the 

greatest reduction of blood pressure and the lowest 
dosage requirement of pentolinium tartrate. 
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CO PENTOLINIUM ALONE 

@ PENTOLINIUM AND RAUWOLFIA 

PENTOLINIUM AND HYDRALAZINE 

PENTOLINIUM,HYDRALAZINE AND RAUWOLFIA 
TMPAIRED VISUAL 

ACCOMMODATION EMSS 
VT 

ORYNESS OF MOUTH 

CONSTIPATION 

CONSTIPATION 

CONTROLLED WITH 

LAXATIVES AND/ OR 

NEOS TYOMINE 

OOOOH OHHH oo pawn 
VLEET TTL 

POSTURAL 

HYPOTENSION 

SYNCOPE 

TMPOTENCE 

30 so 660 70 
PER CENT 

Fic. 3. Chart showing incidence of side effects of 

ganglionic ‘‘blockade”’ experienced with pentolinium 

tartrate alone and with the various combinations of 

hypotensive drugs. The incidence of such side effects 
appeared to be somewhat reduced with all of the 
combinations used. 

pressure, averaging 22 per cent supine (range 

11 to 39 per cent) and 26 per cent erect (range 

14 to 41 per cent). The values were obtained 

from the average of many hospital, home and 

office readings; in each patient individual read- 
ings may have ranged considerably above or 

below the average reading. 

Dosages were administered 3 times daily at 

approximately 8 hour intervals. The average 

total daily dosage was 867 mg. (range 60-1400 
mg.). In many instances in order to prevent 

marked fluctuations of blood pressure the 
morning doses were smaller than the afternoon 

or night doses. 

The incidence of side effects is shown in 
figure 3. Impotence was complained of in 33 

per cent, although probably present in the 

majority of patients over the age of 45. Diffi- 

culty in emptying the urinary bladder was not 
complained of. Because of the development of 
tolerance to the hypotensive effect of pento- 

linium or of marked side effects from ganglionic 

blockade or because of marked fluctuations in 

blood pressure, all, except one patient, were , > ’ 

given combinations of pentolinium with reser- 

pine or hydralazine or both. 

Pentolinium Tartrate and Rauwolfia 

There were 71 cases in this group, the aver- 
age duration of treatment with Rauwolfia 

serpentina being 6 months (range 9 days to 1‘ 

months, fig. 2). Dosages of pentolinium aver- 

aged 492 mg. (range 60 to 1800) as contraste 

to 867 mg. on pentolinium alone. Rauwolfi: 
was administered to 61 patients as reserpin¢ 

in doses of 0.25 to 1 mg. per day, and as a 

extract of the crude root (Rauwiloid) in dose 

of 2 to 4 mg. daily in 10 cases. 

The control blood pressures averaged 228 

135 (range 200/115 to 300/170) mm. Hg 

After treatment the mean supine pressure wa: 

197/109 (range 142/92 to 250/150) mm. H¢ 
and in the erect position 163/101 (range 130/80 

to 240/145) mm. Hg. The reduction of ‘‘mean’ 

arterial pressure averaged 16 per cent in the 

supine position and 26 per cent in the erect 

position. 

The side effects of Zanglionic blockade on 

this combination are shown in figure 3. Side 

effects due to the addition of Rauwolfia were 
nasal stuffiness in 18 per cent, severe mental 

depression in 6 per cent, weight gain in 21 per 

cent, increase in appetite in 27 per cent, night- 

mares in 2 patients and diarrhea in 2 cases. 
In 43 patients it was possible to determine 

the dosage requirement of pentolinium after, 
as compared to before, the addition of Rau- 
wolfia (table 6). The average daily dosage of 

pentolinium when used alone was 550 mg., 

which produced an average blood pressure fall 

of 18 per cent in the supine position and 22 

per cent in the erect position. After addition of 
Rauwolfia, the average daily requirement of 

pentolinium was 422 mg. and the mean reduc- 

tion of blood pressure was 25 per cent in the 
supine and 29 per cent in the erect position. 

The above data represent over-all aver. 

ages. In not all of the patients was it possible 
to reduce the dosage. In 23 or 54 per cent of 
the 43 patients, the dosage of pentolinium 
could be decreased, in 16 it remained the same 

and in 4 it was increased. Twenty-four patients 

exhibited an additional reduction of 5 per cent 
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TaBLE 6.—The Effect of Added Rauwolfia or Hydralazine or Both on Blood Pressure and Dosage Requirement 

f Pentolintum Tartrate in the Patients with Three or More Recordings of Blood Pressure Daily for Several Weeks 

’receding and Following Combined Drug Therapy 

Pentolinium Alone 

| 
° ° | 

Drug Combination | Av. % 
ily | Reduction 

| 

Supine | Erect 

-entolinium tartrate and | | 

Rauwolfia. Mies | 18 

‘entolinium tartrate and | | 
hydreissine. ... 22.2.2... | 

-entolinium tartrate, | | 
Rauwolfia and hydrala- 

WOMB oc a wt anwas 

18 4 

| 19 | 23 

x more of “mean” arterial pressure after addi- 

tion of reserpine. 

Pentolinium Tartrate and Hydralazine 

Twenty patients were given this combina- 

tion (fig. 2). The average duration of treat- 

ment with hydralazine and pentolinium tar- 

trate was 4 months (range 3 days to 8 months). 

The average daily dose of pentolinium tartrate 

was 671 mg. before hydralazine was added and 
540 mg. afterwards. The average dose of hy- 

dralazine was 120 mg. (range 50 to 300 mg.) 

per day. The dosages of hydralazine were de- 

liberately maintained at a low level because 

of the reported serious reactions that may 

occur on long term use. 
The pretreatment control blood pressure 

averaged 227/135 mm. Hg. (range 210/120 
‘o 250/160) in this group of cases. After treat- 

ment the average blood pressure was 173/104 
mm. Hg (range 153/96 to 200/120) in the 

upine position. In the erect position the 

~verage blood pressure after treatment was 
62/100 mm. Hg (range 140/80 to 190/110). 
“he reduction of “mean” arterial pressure 

veraged 23 per cent in the supine position 

nd 26 per cent erect. 

The side effects due to pentolinium tartrate 
re shown in figure 3. Side effects thought to 
e due to the addition of hydralazine were: 
eadache in 4, palpitation in 2 and edema in 

. There was no arthritis or dermatitis. 
In 13 patients it was possible to compare 

| Blood Pressure 
| Av. % 

Pentolinium Combined 

Blood Pressure | Cases in Which 

Pentolinium 
| Was Reduced 

of. 
| 

Average Daily | 
Jose Additional % 

Reduction 

Av. % | 

Reduction 

l 
Supine | Erect Supine | Erect Mg. 

| Per cent 
| reduction 

| 
| 

29 | 
| 

| 

| 28 | 

| 
31 | 70 

dosage requirements and blood pressure re- 

sponse before and after addition of hydralazine. 

The results are shown in table 6. In seven 
patients it was possible to reduce the dosage 
of pentolinium. 

Pentolinium Tartrate plus Rauwolfia 

and Hydralazine 

There were 50 patients in this group (fig. 

2). The average length of treatment was 4 
months (range 9 days to 23 months). The 

average dose of pentolinium was 458 mg. 

(range 90 to 1700 mg.). The average dose of 

hydralazine was 144 mg. (range 50 to 500 mg.). 

Daily dosage of reserpine varied between 0.25 

and 1.0 mg. per day. The average pretreatment 

blood pressure was 230/136 (range 190/110 to 

270/170) mm. Hg. After treatment the aver- 

age blood pressure in the supine position was 

171/106 (range 140/90 to 200/120) mm. Hg and 

in the erect position was 160/99 (range 130/88 
to 200/115) mm. Hg. The reduction of “mean” 
arterial pressure averaged 25 per cent in the 

supine position and 28 per cent in the erect. 

The incidence of side effects is shown in 
figure 3. Rauwolfia side effects were: nasal 

stuffiness in 20 per cent, mental depression in 

4 per cent, weight gain in 20 per cent, increase 

in appetite in 24 per cent, nightmares in 2 per 

cent, gastrointestinal bleeding in 2 and diar- 
rhea in 4 per cent. Hydralazine side effects 

were headache in 16 per cent, palpitation in 
10 per cent, and dyspnea in 1. 
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In 27 patients, hydralazine and Rauwolfia 

were added almost simultaneously (interval of 

3 weeks or less). The results are shown in 

table 6. In 19 of the 27 patients the dosage of 

pentolinium could be reduced. In 9 of the pa- 

tients the additional reduction of blood pres- 

sure averaged 10 per cent or more. 

Development of ‘‘Tolerance”’ 

The development of “tolerance” was esti- 
mated by comparing the dosage requirement 

and blood pressure reduction at the initiation 

of treatment with that required at the end of 

the period of this study. The initial effective 

daily dosage averaged 374 mg. and the most 

recent effective dosage 520 mg., an average in- 

crease of 36 per cent. In the early treatment 

period there was a 22 per cent reduction of 

supine and 26 per cent in erect blood pressure 

and at the end of study, 21 per cent supine and 

28 per cent erect. It should be pointed out that 

in most instances Rauwolfia and hydralazine 

had been added. Thus, these figures do not 

accurately reflect the development of tolerance 

to pentolinium tartrate alone but rather to our 

treatment regimen. 

DiscussION 

The symptoms that are related to hyper- 

tension or to associated cardiac decompensa- 

tion often were relieved following treatment. 

Thus, the symptoms of headache, dizziness, 

dyspnea and palpitation were improved in 

more than two thirds of the individuals who 
suffered from these complaints. On the other 

hand, none of the patients with symptoms re- 

sulting from residuals of old cerebrovascular 

accidents showed improvement and in some, 

reduction of tiood pressure aggravated these 

symptoms. Similarly, less than half of the pa- 

tients with angina noted improvement and an 
equal number complained of increased discom- 
fort. It would appear that “hypertensive” 

symptoms and those that arise from cardiac 
“strain” frequently will be improved, whereas 
those due to vascular sclerosis often do not 

improve and may become worse. 
In regard to objective signs of improvement 

other than blood pressure, regression was noted 

in the optic fundi in more than four fifths of 

the patients with grade III and IV changes 
and in slightly less than half of the patients 

with grade II changes. Thus, the most marked 

effects were on the hemorrhages, exudates, and 

papilledema, although diminution in the de- 
gree of arteriolar narrowing also was seen it 

some of the cases. 

In the patients with cardiomegaly diminu- 

tion of cardiac size was observed in approxi 

mately one half of the cases. Since the majority 
of these cases had the usual therapy for con 

gestive heart failure prior to being placed or 

pentolinium tartrate, the improvement ap 

peared to result from the antihypertensive 

therapy per se. In fact, in many of these pa 

tients the need for salt restriction or diuretics 
was reduced or even abolished. In contrast t« 

these evidences of improvement in cardiac 

status only 12 per cent of patients showed 

partial or complete reversal of the electrocar- 

diographic pattern of left ventricular hyper- 

trophy. 

The extent of improvement in the kidneys 

was less impressive than in the fundi and the 
heart. In the patients with nitrogen retention, 

as many showed increasing uremia as showed 

clearing, and five patients developed elevations 

of blood urea nitrogen or nonprotein nitrogen 

from normal to abnormal while under treat- 

ment. The degree of albuminuria in general 

tended to lessen under therapy. On the other 

-hand the ability of the patients to excrete 
phenolsulfonphthalein dye decreased more of- 

ten than it improved. 
It seems possible that the decrease in al- 

buminuria and improvement in nitrogen reten- 

tion seen in some of the cases might be expected 
in part on the basis of improvement in latent 

or overt cardiac decompensation. The same 

might be said for the decrease in nocturia that 

was frequently noted. The appearance or 

worsening of nitrogen retention in other pa- 

tients while under therapy and the frequent 

observation of reduced ability to excrete phe- 
nolsulfonphthalein dye may be accounted for 

on the basis of two factors: (1) effect of gan- 

glionic blocking agents on renal hemodynam- 

ics’ and (2) further progress of the renal 

lesions despite antihypertensive therapy. The 

fact that the majority of the deaths in this 
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‘ries were due to renal failure tends to sup- 
ort this thesis. It would appear, therefore, 

hat treatment with pentolinium tartrate is 

ast effective against the renal complications 

f severe hypertension. If nephrosclerosis re- 
ults from sustained hypertension these ob- 

ervations provide an argument for beginning 

reatment earlier, before the renal arterioles 

ave become irreparably sclerosed. 

Confirming our previous experience!® and 

hose of others": ” the addition of reserpine 

ot only produces a further reduction of blood 

ressure in many patients but also may per- 

nit reduction of the dosage of pentolinium 

nd, hence, lessen the incidence of disabling 

ide effects produced by ganglionic “blockade.” 
‘his combination while effective and generally 

etter tolerated by the patient must be insti- 
‘uted with an awareness that serious mental 

depression can occur in patients treated for 

long periods with Rauwolfia preparations." 

The additive hypotensive effect of hydrala- 

zine alone was studied in only a small number 
of patients and the dosages used were smaller 
than those employed by Perry and Schroeder 

in a similar study.!* Nevertheless, the present 

results confirm their observation that the addi- 
tion of hydralazine produced a further lower- 

ing of blood pressure. It is interesting that in 
our cases, where the dosages of hydralazine 

were small, the development of the syndrome 

resembling disseminated lupus erythematosus 
did not occur; whereas it was not an infrequent 

complication in Perry and Schroeder’s series. 

Qn the basis of the various observations on 

small doses of hydralazine and of Rauwolfia we 
ave concluded that therapy combining all 3 

avents produces the greatest reduction of blood 
essure and the smallest dosage requirement 

the blocking agent. We believe, however, 

iat each drug be added separately in order to 
| dge its effects in the particular case. 

It is interesting that all of the “toxic” reac- 
ms to pentolinium tartrate seemed to be due 

the acute effects of ganglionic “blockade.” 

ilike hexamethonium!®: !* no cases of chronic 

terstitial pneumonitis occurred in this series, 
r to our knowledge have there been any 
vorts of this complication in the literature on 
utolinium tartrate. 

The proof of the effectiveness of any form 

of treatment in hypertension is its ability to 

prevent morbidity and mortality. The dura- 
tion of treatment in this series still is too short 

to draw any conclusions in regard to mortality. 
In regard to morbidity, however, it is impor- 

tant to note that the majority of the patients 

who had lost their jobs because of severe hyper- 

tension were able to return to some sort of 

gainful occupation. This was also the case in 

many of the patients who eventually died but 

who were able to work until shortly before 

exitus. The clearing of symptoms of cardiac 
decompensation or hypertensive encephalopa- 

thy produced considerable subjective improve- 
ment in these severe cases. In addition, due to 

the postural hypotension produced by pento- 
linium tartrate, the control of blood pressure 

was as good or better when the patient was*up 

and active than when he was inactive. 
The arrest and seeming reversal of -ever 

worsening symptoms in these most severe 

cases provided a tremendous boost to the 

patient’s morale, and as such was an impor- 

tant additional therapeutic dividend. In less 

desperate situations and particularly in the 

asymptomatic hypertensive, the side effects 

resulting from therapy blunted the patient’s 

desire to continue with treatment. In such 

cases various technics were used to assure the 

patient’s cooperation. These included (1) 
gradual elevation of dosage to the effective 

level, (2) explanation of side effects and in- 

structions in minimizing their severity® and 

(3) the use of home blood pressure recordings. 

SUMMARY AND CONCLUSIONS 

A series of 96 patients with severe, fixed 

hypertension was treated with pentolinium tar- 
trate alone or in combination with Rauwolfia 

or hydralazine, or both, for periods varying 

from 3 to 27 months (average 12 months) with 

the following results: 

1. Ten of the 34 patients with grade IV 

changes in the optic fundi and 7 of the remain- 

ing cases have died. In addition, 1 case devel- 

oped a myocardial infarction and 2 developed 
mild cerebrovascular accidents while under 
treatment. 

2. Typical hypertensive symptoms such as 
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headache, dizziness and those relating to car- 

diac decompensation often were relieved; 

whereas those due to vascular sclerosis, such as 
angina or residuals of old cerebrovascular acci- 

dents, usually did not improve or were made 

worse. 

3. Improvement in the optic fundi was ob- 

served in more than 80 per cent of the patients 

with grade III and grade IV changes and in 

slightly less than half of the patients with 

grade II changes. 

4. Decrease in cardiac size frequently was 

observed. Improvement in the electrocardio- 
graphic pattern of left ventricular hypertrophy 

also occurred but less frequently than the 

former. 

5. The degree of albuminuria usually tended 
to lessen during treatment. Approximately 

half of the patients with nitrogen retention 

showed clearing, whereas the other half devel- 

oped increased retention. The ability of the 
patients to excrete phenolsulfonphthalein de- 
creased more often than it increased following 

treatment. The reasons for these apparent dis- 
crepancies are discussed and it is concluded 

that treatment was more effective in arresting 

or reversing changes in the optie fundi and in 

the heart than in the kidneys. 

6. Data are presented to demonstrate the 

additive effects of Rauwolfia or hydralazine, or 

both, to the regimen. Combining all three 

agents generally resulted in the greatest reduc- 

tion of blood pressure with the least degree of 

symptoms resulting from gangtionic ‘‘block- 

ade.” 

7. In view of the severity of the hyperten- 

sion in the present series, it is concluded that 
this method of treatment is beneficial. It was 

especially effective in restoring semi-invalided 
or invalided hypertensive patients back to 

more useful and active modes of living. 

SUMMARIO IN INTERLINGUA 

Un serie de 96 patientes de sever hyperten- 

sion fixe esseva tractate durante periodos de 

inter 3 e 27 menses (durantia median 12 menses) 

con tartrato de pentolinium sol o in combina- 

tion con Rauwolfia o hydralazina o ambes. Le 

resultatos esseva le sequente: 

1. Dece del 34 patientes con alterationes de 

grado IV in le fundos optic e 7 del altere pa 

tientes ha morite. In plus, un patiente dis 

veloppava un infarcimento myocardiac e du 

disveloppava leve accidentes cerebrovascula 

quando illes esseva sub tractamento. 

2. Typic symptomas hypertensive—mal ¢ : 

capite, vertigine, symptomas pertinente al di: 

compensation cardiac, etc.—esseva alleviate i | 

multe casos. Symptomas debite a scleros ; 

vascular—angina, residuos ab ancian acc - 
dentes cerebrovascular, etc.—non se melioray. 

in general, e in certe casos illos deveniva pejo . 
3. Melioration in le fundos optic esseva ol - 

servate in plus que 80 pro cento del patient: s 

con alterationes del grados III e IV e in lev: - 
mente minus que 50 pro cento del cases ( 

grado IT. 

4. Reduction del dimensiones cardiac esse\ 
observate. Melioration del figuration electrc- 

‘ardiographiec de hypertrophia’ sinistro-ventri- 

cular esseva etiam observate sed illo occurreva 
minus frequentemente que le reduction de! 

dimensiones cardiac. 
5. In general, le grado de albuminuria 

monstrava un tendentia a reducer se durante 

le tractamento. Circa un medietate del pa- 

tientes con retention de nitrogeno habeva un 

augmento del clearing; le altere medietate dis- 

veloppava un augmentate grado de retention. 
Le capacitate de excerner phenolsulfonphtha- 

leina esseva plus frequentemente reducite post 

le tractamento que augmentate. Nos discute le 

rationes pro iste apparente discrepantias e 

conclude que le tractamento esseva plus efficace 

in arrestar o reverter alterationes in le fundos 

optic e in le corde que in le renes. 
6. Es presentate datos pro demonstrar le 

effectos additive de Rauwolfia o hydralazina 

o ambes. Le combination de omne tres agentes 

resultava generalmente in le plus grande reduc- 
tion del pression sanguinee, con le minus grande 

grado de symptomas resultante ab “blocage”’ 

ganglionic. 

7. Considerante le severitate del hyperter- 
sion in le presente serie de patientes, nos cor- 

clude que iste methodo therapeutic es benefic. 
Illo esseva specialmente efficace in restaurer 

semi-invalidate o invalidate patientes hype) - 

tensive a plus utile e active formas de vita. 
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Right Bundle-Branch Block. Hemodynamic, 
Vectorcardiographic and Electrocardio- 

eraphic Observations 

By EvGene Braunwa.p, M.D., EpHraim Donoso, M.D., Samuen O. Sarin, M.D., 

AND ARTHUR GRISHMAN, M.D. 

The time intervals between the onset of ventricular depolarization and of right ventricular con- 
traction were studied in 36 patients, by means of cardiac catheterization, and were correlated 
with their vectorcardiograms and electrocardiograms. The onset of right ventricular contraction 
was delayed in six subjects without heart disease but with the electrocardiographic picture of right 
bundle-branch block. The onset of right ventricular contraction was found to be normal in 10 of 
15 patients with right ventricular hypertrophy with the electrocardiographic picture of right bundle- 
branch block. This indicates that this electrocardiographic configuration is not necessarily ac- 

companied by delayed right ventricular contraction. 

N 1932, Wilson and collaborators! de- 

scribed the electrocardiographic patterns 

associated with bundle branch block 

experimentally produced in the dog. These 

classic studies have formed the basis for the 

electrocardiographic criteria employed in the 

diagnosis of bundle branch block in man. 

It was the purpose of this investigation to 

examine the validity of these electrocardio- 

graphic criteria for the diagnosis of right 

bundle branch block, and also to evaluate the 

usefulness of the spatial vectorcardiogram in 

determining the presence of right bundle 

branch block. 

The simultaneous recording of the electro- 

cardiogram with the right ventricular-pressure 

pulse makes possible the accurate measure- 

ment of the time interval between the onset 
of ventricular depolarization and the onset 

of right ventricular contraction. Right bundle 

branch block, or other disturbances in right 

ventricular conduction, produce a delay in 

right ventricular depolarization and should 

be accompanied by a corresponding delay 

in the onset of right ventricular contraction 

and therefore in prolongation of the time inter- 

val between the onset of the QRS complex 

From the Department of Medicine and the Cardio- 

graphic Department, The Mount Sinai Hospital, 

New York, N. Y. 

Dr. Donoso is Fellow, Dazian Foundation for 

Medical Research. 

and the onset of the rise in the right vent: 

ular-pressure pulse. In this study both 1) 

scalar electrocardiogram and the — spat 
vectorcardiogram were correlated with t: 

» time interval in 3 groups of patients. 

MATERIAL 

The 36 patients studied were all on the ward or 
private services of The Mount Sinai Hospital, New 
York. Group 1 consisted of 15 patients with clinical 
evidence of right ventricular hypertrophy, con- 
firmed in each instance by the demonstration at the 
time of cardiac catheterization of a lesion that im- 
poses a hemodynamic burden exclusively or pre- 
dominantly on the right ventricle. These patients 
ranged in age from 3 to 34 years: Seven patients 
had pulmonic stenosis with normal aortic root, 5 
had the tetralogy of Fallot, 1 had rheumatic mitral 
stenosis, 1 had an interatrial septal defect, and 1 
had an Eisenmenger’s complex. All 15 patients had 
electrocardiograms that satisfied the recently ce- 
scribed criteria for right ventricular hypertrophy. 
None had an RSR’ configuration in right precordial 
leads. 

Group 2 consisted of 6 persons ranging in age 
from 16 to 28 years with no evidence of heart 
disease that could be elicited by clinical examination 
or cardiac catheterization. The electrocardiograms of 
these patients were characterized by an RS’ 
pattern in the right precordial leads with a QS 
duration ranging from 0.10 to 0.13 second. 

Group 3 consisted of 15 patients with clinical 
evidence of unilateral right ventricular hypertrop! y, 
confirmed in each instance by the demonstration, : 
the time of cardiac catheterization, of a lesion tl at 
imposes a hemodynamic burden on the right vin- 
tricle alone. All had the so-called right bund e- 

Circulation, Volume XIII, June, '¢ 



BRAUNWALD, DONOSO, SAPIN, AND GRISHMAN 867 

bre ich-block pattern in the electrocardiogram. The 
10 oatients in group 3A ranged in age from 4 to 50 
ves. Four patients had pulmonic stenosis with 
no nal aortic root, 4 had interatrial septa! defects, 
| iad a truncus arteriosus (confirmed at post- 
mc ‘tem examination), while 1 patient had the 
tet alogy of Fallot. These patients all had an RSR’ 
col figuration in right precordial leads with a QRS 
du ation ranging from 0.08 to 0.12 second. 

woup 3B consisted of 5 patients ranging in age 
fn 16 to 64 years. Four of these patients had 
int ‘ratrial septal defects, while 1 had marked 
pu monary hypertension during life and idiopathic 
no-specifie myocarditis with right ventricular 
hyvertrophy at postmortem examination. These 5 
puients also had an RSR’ pattern in right pre- 
cor lial leads, with a QRS duration ranging from 
0.10 to 0.14 second. 

Meruops 

Strain-gage pressure transducers (Statham P23.) 
were employed in conjunction with a single gun, 
multichannel oscilloscopie photographic recorder, in 
which errors of parallax are eliminated. Standard 
leal IL of the electrocardiogram was _ recorded 
simultaneously with the right ventricular-pressure 
pulse in all instances. The paper speed of the re- 
corder was 50 mm. per sec. Measurements of the 
time interval between the onset of QRS in lead II 
and the onset of the rise in the right ventricular- 
pressure curve were averaged for 2 respiratory 
cycles. The delay in the transmission of a pressure 
pulse through the catheter-strain-gage system has 
heen measured and found to be close to 0.005 sec.’ 
This value was subtracted from all measured 
intervals between electrical and mechanical events. 
Only records were utilized in this: study in which 
both the onset of the QRS and of the pressure rise 
in the right ventricular-pressure pulse were clear. 

Spatial vectorcardiograms were obtained 

by means of the cube method of electrode 

placement* and were photographed from the 

screen of a Technicon or Sanborn oscilloscope. 

Electrocardiograms were recorded on a 3-chan- 

ne!, direct-writing Technicon recorder at a 

p: per speed of 50 mm. per second. 

RESULTS 

Gi oup 1 

in this group of 15 patients with right ven- 

‘ular hypertrophy, the electrocardiograms 

piesented the pattern of right ventricular 

hypertrophy. The spatial vectorcardiograms 

s} owed the configuration of right ventricular 

h: pertrophy without conduction disturbance, 

TaBLE 1.—Correlation of the Electrocardiogram and 

Vectorcardiogram with the Time Intervals between 
the Onset of Ventricular Depolarization and of 

_ Right Ventricular Contraction 

| aOR ee i on 
ECG | duration VCG 

(sec.) 

No. of 
Pts. 

Group : 
| (range sec.) 

1 | 15. | RVEl 0. 06-0. 09) RVH lo. 045-0 .075 

2 | 6 | RSR’ 0. 10-0. 12) RVCD 0. 100-0. 120 

3A | 10 | RSR’ \0. 08-0.12) RVH 0. 050-0 .075 

| 

| 
| 

3B | 5 | RSR’ 0. 10-0.14;|RVH +0. 095-0. 120 

| | RVCD | | 

RVH = Right vendaienian hypertrophy. 
RSR’ = Electrocardiographic configuration of 

RSR’ in right precordial leads. 

RVCD = Vectorcardiographic configuration of 

right ventricular-conduction disturbance. 

Q-RV;= Time interval (sec.) between onset of 

QRS and of right ventricular-pressure rise. 

which has recently been described in detail.® 

The QRS loop was situated anterior to the 

isoelectric point and was inscribed in a clock- 

wise direction in the horizontal plane. No ab- 

normal slowing was noted in the inscription 

of the terminal portion of the QRS loop. The 

intervals between the onset of ventricular 

depolarization and of right ventricular con- 

traction in these patients ranged from 0.045 

to 0.075 second (table These time inter- 

vals are within the range recently found in 
normal subjects.® Thus, in this first group of 

patients with clinical, electrocardiographic 

and vectorcardiographic evidence of right 

ventricular hypertrophy, the onset of right 

ventricular contraction was not delayed, 

and significant right ventricular conduction 
disturbance therefore did not exist. 

Group 2 

These six subjects without evidence of heart 

disease had electrocardiograms presenting an 

RSR’ pattern in right precordial leads with 

a QRS duration ranging from 0.10 to 0.13 

second (fig. 14). Spatial vectorcardiograms 

were obtained in three of these patients; all 

three had a similar configuration that indicated 

a conduction delay (fig. 1B). The major portion 
of the QRS loop resembled that seen in normal 

persons.’ However, a distinct terminal ap- 

pendage to the QRS loop was present. This 
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Fic. 1A. Electrocardiogram of a 16 year old boy 
without evidence of heart disease, taken at a paper 

speed of 50 mm. per second. 

'Fic. 1B. Spatial vectorcardiogram of the subject 
whose electrocardiogram is illustrated in figure 1A. 

The first portion of the QRS loop is directed to the 

left, inscribed in a counterclockwise direction in the 

horizontal plane, and resembles that seen in normal 
subjects. The terminal portion of the QRS loop is 

inscribed slowly, and is directed to the right, su- 
periorly, and anteriorly. H, horizontal plane; 8, sagit- 

tal plane; F, frontal plane. 

=". 

\ 

’ 

Fic. 1C. Right ventricular-pressure pulse and 

lead I of the subject whose electrocardiogram and 
vectorcardiogram are illustrated in figures 1A and 
1B. The arrows indicate the onset of QRS and of right 

ventricular contraction, which are separated by an 
abnormally long interval. 

appendage was directed anteriorly and to the 

right of the isoeleciic point and was inscribed 

very slowly® (fig. 1B). In all six patients in 

this group the onset of right ventricular con- 

traction was abnormally delayed, as evidenced 

by a prolongation of the time interval between 

the onset of QRS and the onset of right ven- 
tricular contraction to 0.10 second or longer 

(fig. 1C). These time intervals exceed tho e 
observed in normal persons,® In these patien s 

the electrocardiograms and vectorcardiograi ‘s 

both suggested the presence of right bunc e 
branch block, and this was confirmed by t e 

demonstration of an abnormal delay in t ie 

onset of right ventricular contraction. 

Group 3A 

In this group of 10 patients with clinical a id 

cardiac catheterization evidence of unilate al 
right ventricular hypertrophy the elect o- 

cardiograms showed so-called incomplete ri, it 

bundle branch block, namely, an RSR’ ¢- 

figuration in right precordial leads with a Q):S 
duration ranging from 0.08 to 0.12 sec. ‘lie 
vectorcardiograms, however, gave no evidence 

of conduction disturbance, and presented a 

configuration essentially similar to that noted 

in group 1, i.e., evidence of right ventricular 

hypertrophy. The time intervals between ‘he 

onset of ventricular depolarization and of right 

ventricwer contraction were within normal 

limits® (table 1), further suggesting that. sig- 

nificant right ventricular conduction dis- 

turbance did not exist, despite the electro- 

cardiographic configuration. 

Group 3B 

These five patients with clinical and cardiac- 

catheterization evidence of unilateral right 

ventricular hypertrophy alsé had_ electro- 

fill 
—- 

Fic. 2A. Electrocardiogram of a 36 year old m 
with an interatrial septal defect taken at a paj 

speed of 50 mm. per sec. Leads I, II, and III w 
taken at normal standardization, while the otl 

leads were taken with 1 mv. = 1.5 em. 
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Fic. 2B. Spatial vectorcardiogram of the patient 

se electrocardiogram is illustrated in figure 2A. 

e QRS loop is oriented anteriorly and to the right 

| is inscribed in a clockwise direction in the hori- 

z utal plane as in other patients with right ventricu- 
| » hypertrophy. However, in addition, there is 
cstinet slowing in the inscription of the terminal 
portion of the QRS loop, as indicated by the closeness 
0. the dots in all 3 planes, indicating the presence of 

-onduction disturbance. 

cardiograms with an RSR’ configuration in 

xht precordial leads, the QRS duration rang- 

ing from 0.10 to 0.14 second (fig. 24). The 
vectoreardiograms showed right ventricular 

hypertrophy, and, in addition, presented evi- 

dence of conduction disturbance. The terminal 

portion of the QRS loop was situated anteriorly 

and to the right of the isoelectric point and its 

inscription was distinctly slowed (fig. 2B). 
The time interval between the onset of the 
QRS complex and of right ventricular con- 

traction was abnormally prolonged (table 1) 

to 0.095 to 0.120 sec., confirming the presence 

of right ventricular-conduction disturbance. 

COMMENT 

Previous investigations have attempted to 

prove the presence of bundle-branch block in 

man by demonstrating a prolonged time in- 

terval between the onset of ventricular de- 

polarization and the onset of ventricular ejec- 

tion. With the exception of the observations in 

urnand’s laboratory’ these investigations 

ve utilized indirect technics, such as the elec- 

‘kymogram,' !! the roentgenkymogram,” 

| the carotid,’ * ' or subclavian pulse: & 

indicate the onset of ventricular ejection. 

ese studies have provided conflicting results, 

| the accuracy of some of the indirect 

thods has been questioned.'* '!§ Further- 
re, these technics have yielded only the 

ie interval between ventricular depolariza- 

n and ejection, and therefore include the 

iable period of isometric contraction. 

Using the cardiac-catheter technic the time 

interval between electrical and mechanical 

events in the human heart can be established 

with greater accuracy than was possible in the 

studies employing indirect technics. The in- 
terval between the onset of the QS complex 
and the onset of the rise in right ventricular 

pressure is very closely related to the true time 

interval separating electrical and mechanical 

events in the right ventricle. It should be 

pointed out, however, that both ventricular 

depolarization and ventricular contraction 

undoubtedly commence slightly earlier than 
the electrocardiographic and right ventricular- 

pressure records indicate. Both the electrical 

and the mechanical processes must already be 

active and involve a significant portion of the 

myocardium before sufficient electrical po- 

tential and mechanical pressure, respectively, 

have been generated to produce visible de- 
flections of the recordings. Experimental 

studies ,!® however, indicate that the interval be- 

tween the onset of the earliest fractionate con- 

traction in the ventricles and the onset of rise 
in intraventricular pressure is short indeed. 

Since only right ventricular pressures were 

recorded in this study, the presence of ab- 

normally asynchronous ventricular contraction 
could not be demonstrated. However, the time 

interval between the onset of ventricular de- 
polarization and of right ventricular contrac- 

tion determined in our patients could be com- 

pared with the same interval obtained in a 

group of normal subjects. When this interval 

definitely exceeded that noted in the normal 

subjects, right bundle-branch block or sig- 

nificant right ventricular-conduction disturb- 

ance existed. On the other hand, a significant 
right ventricular-conduction disturbance could 

be excluded when this time interval fell within 

the normal range. 

Right ventricular-conduction disturbances, 

as manifested by an abnormal delay in the 
onset of right ventricular contraction, were 

always found to be accompanied by the electro- 

cardiographic pattern that has been designated! 
as “right bundle branch block.’’ However, the 

reverse was not always found to be the case. 
Ten out of 15 patients with right ventricular 

hypertrophy and the _ electrocardiographic 
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pattern of right bundle branch block failed to 

show delayed onset of right ventricular con- 

traction. The spatial vectorcardiogram ap- 

pears more reliablé than the scalar electro- 

‘ardiogram in detecting the presence of right 

ventricular-conduction disturbance. An an- 

teriorly directed, abnormally, slowly inscribed, 

terminal phase of the QRS loop was observed 

in all patients with delayed onset of right ven- 

tricular contraction, but this vectorcardio- 

graphic pattern was absent in all patients with 

a normal onset of right ventricular contraction. 

The vectorecardiogram appears to be of par- 

ticular value in patients whose electrocardio- 

grams show an RSR’ pattern in right pre- 

cordial leads. It effectively separates these 

patients intc 3 distinct categories: (1) those 

with right ventricular-conduction disturbance 

without right ventricular hypertrophy, (2) 

those with right ventricular hypertrophy with- 

out right ventricular-conduction disturbance, 

and (3) those with right ventricular-conduc- 
tion disturbance in the presence of right ven- 

tricular hypertrophy. : 

It has recently been noted®’-” that following 

cardiac surgery on patients with pulmonic 

stenosis and interatrial septal defect the electro- 

‘ardiographic picture of so-called ‘incomplete 

right bundle branch block” has emerged from 

that of right ventricular hypertrophy. These 

observations further suggest that in patients 

with congenital heart disease and anatomic 

right ventricular hypertrophy, the electro- 

cardiographic configuration of “right bundle 

branch block” does not always represent a 

conduction disturbance, but may reflect the 

presence of right ventricular hypertrophy. In 

the present study, no significant conduction 

disturbance could be demonstrated by the 

measurement of the time intervals between 

electrical and mechanical cardiac events in 

10 of 15 patients with congenital heart disease, 

right ventricular hypertrophy, and the electro- 

cardiographic pattern of right bundle branch 

block. 

SUMMARY 

1. The time intervals between the onset. of 

ventricular depolarization and of right ven- 

tricular contraction were obtained by cardiac 

catheterization in 36 patients, and were cor- 

related with the spatial vectorcardiogram ai 

the electrocardiogram. 

2. In 15 patients with clinical, electrocardi: 

graphic and vectorcardiographic evidence « 

right ventricular hypertrophy, the onset « 

right ventricular contraction followed the ons« 

of the QRS complex by normal interva 

(0.045-0.075 sec.), indicating that significa: 

right ventricular conduction disturbance di 

not exist. 

3. In six subjects without heart diseas 

whose electrocardiograms and_ vectorcardi: 

grams showed right bundle branch block, th 

electric-mechanical intervals were prolonge 

(0.095-0.110 sec.), confirming the presence ¢ 

conduction disturbance. 

4. In 15 patients with clinical evidence « 

right ventricular hypertrophy the electr 

vardiograms showed right bundle-branch block 

In 10 of these the vectorcardiograms showe: 

right ventricular hypertrophy without con 

duction disturbance, and this interpretation 

was confirmed by a normal electrical-mechani 

cal interval. Thus, right ventricular contraction 

was not delayed in spite of the electrocardio 

graphic configuration of right bundle branch 

block. In five such patients, however, the 

vectorcardiograms gave evidence of right ven- 

tricular hypertrophy and conduction  dis- 

turbance, and the onset of right ventricular 

contraction followed the onset of the QRS com- 

plex by abnormally long intervals. 
5. The spatial vectorcardiogram is useful 

in detecting the presence of right ventricular 

conduction disturbance. 
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SUMMARIO IN INTERLINGUA 

1. Le intervallos de tempore inter le declara- 

tion del dispolarisation ventricular e le con- 

traction dextero-ventricular esseva obtenit° 

per catheterisation cardiac in 36 patiente:. 

Illos esseva correlationate con le vectocardic- 

gramma spatial e le electrocardiogramma. 
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2. In 15 patientes con clinic, electrocardio- 

aphic, e vectocardiographic evidentia de 

ypertrophia dextero-ventricular, le declara- 

‘on del contraction dextero-ventricular se- 

ieva le declaration del complexo QRS per 

tervallos normal (0,045 a 0,075 secundas). 

sto indicava que un significative disturbation 
el conduction dextero-ventricular non esseva 

resente. 

3. In 6 subjectos sin morbo cardiac sed con 

ectrocardiogrammas e vectocardiogrammas 
idicative de bloco de branca dextere, le 

ntervallos electrico-mechanic esseva_ prolon- 

ate (0,095 a 0,110 secundas) e confirmava 

ssi le presentia de un disturbation del conduc- 

tion. 

4. In 15 patientes con evidentia clinic de 

iypertrophia dextero-ventricular, le electro- 
cardiogrammas indicava bloco de_ brance 

dextere. In 10 de iste casos le vectocardio- 

erammas indicava hypertrophia dextero-ven- 

tricular sin disturbation del conduction, e iste 

interpretation esseva confirmate per un normal 

intervallo electrico-mechanic. Assi, le con- 

traction dextero-ventricular non esseva_ re- 
tardate in despecto del configuration electro- 

cardiographic indicative de bloco de branca 

dextere. In 5 tal patientes, del altere latere, 

le vectocardiogrammas indicava hypertrophia 
dextero-ventricular e disturbation del con- 

duction, e le declaration del contraction 

dextero-ventricular sequeva le declaration del 

complexo QRS per anormalmente longe in- 

ter callos. 

5. Le vectocardiogramma es utile in le de- 

tection del presentia de un disturbation de 

conduction dextero-ventricular. 
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Observations on Vascular Sounds: 
The “Pistol-Shot” Sound and the 

Korotkoff Sound 

By Ramon L. Langer, M.D., Ropert P. CaruisLeE aNnp Hans H. Hecut, M.D. 

The similarity between spontaneous “‘pistol-shot” sounds heard over large vessels and the Korotkoff 
sounds heard distal to a partially inflated blood pressure cuff suggests that a similar mechanism 
is responsible for their occurrence. Simultaneous records of intravascular pressures and of the 
sounds demonstrate that the sounds generally precede the major rise in intravascular pressure. 
These observations cannot be explained by the existing theories of sound production. A possible 
mechanism based on rapid changes in flow pattern is advanced. 

ESPITE continued interest in the 
nature of sounds that occur along 
the course of an artery distal to a seg- 

inent compressed by an inflated cuff at a pres- 

sure between systolic and diastolic (Korotkoff 
sounds),'-* little consideration has been given 

to the spontaneously occurring ‘‘pistol-shot” 

sounds heard under certain circumstances over 

the larger arteries. That these spontaneous 

vascular sounds may be related to the sounds 
elicited by the cuff is suggested by the oc- 

casional indirect blood pressure recording of 
“zero diastolic pressure,” which implies that 

sounds continue to be heard distal to the cuff 

even when the cuff has been completely de- 

flated. This suggests an imperceptible transi- 

tion between cuff-induced and spontaneous 

vascular sounds. Adequate correlation between 

these sounds, vascular pressures, and flow de- 

pends on simultaneous recordings of these 
events. The following method was employed 

in order to elucidate the interrelationship of 

these events. 

MetTHOD 

Intra-arterial pressures, both femoral and bra- 
ial, were measured by inserting a No. 20 or No. 18 
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needle into the vessel through the intact skin. The 
needle was connected to a capacitance electro- 
manometer by a polyethylene tube of 80 cm. length 
and 3 mm. inside diameter. The output of the electro- 
manometer was fed to 1 beam of a twin beam oscillo- 
scope. The second beam recorded the vascular sounds 
by means of a bell-type carbon microphone amplified 
through a Heathkit WAP-2 preamplifier. The two 
beams were adjusted to deflect through the same 
“Y” axis and were photographed by a camera with 
a film speed of 250 mm. per sec. The time constant 
of the pressure system was 4 sec. At times, a strain- 
gage mirror galvanometer system was used and 
records obtained by means of a kymographic camera. 
The natural frequency of the latter was at 50 eps, 
whereas the response of the former was flat to over 
500 eps. The slight elastance of the tubing caused a 
lag of 4 msec. of pressure behind sound. (One mm. 
at 250 mm. per sec. camera speed.) On several occa- 
sions, cardiac output was determined by venous 
catherization or by the pressure pulse method. For 
the latter, a Peterson-type arterial catheter was 
inserted into the root of the aorta through a No. 18 
needle placed in the femoral artery, and the stroke 
volume was determined by the method of Warner 
and co-workers.” In experiments of this sort, the 
slope of the rising portion of both the central and 
the peripheral pulse in mm. Hg per sec. was also 
measured. Observations were obtained on 8 normal 
subjects, on 6 patients with aortic incompetence, 
and on 1 patient with untreated thyrotoxicosis. 
The normal subjects were studied at rest and after 
breathing 10 per cent oxygen or following the intra- 
venous administration of two vasodilators, Apreso 
line or Priscoline, in order to study the effects of 
increased systemic flow with or without significant 
vasodilatation. All subjects were studied in the 
supine position, and measurements were made at 
rest or in what was assumed to be a “steady state.” 
Sounds were recorded above, below, and at the level 

of the needle tip in the artery. When Korotkoff 
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| 
| 

Arterial Pressure 
Stroke mm. Hg 

Subject Volume 
ml./beat 

Direct 

J. M. Normal 5 130/70 

125/65 

130/70 

W. J. Normal ; 140/80 

150/60 

175/75 

Ik. L. Normal 120/80 

W.H. AI 160/50 

V.G. AI 165/55 

L. 8. RHD 28 45 150/80 

* = Over femoral vessels only. 

AI = Aortic insufficiency, no failure. 

RHD = Rheumatic heart disease. 

Vascular L 
Sounds mm./Hg/sec. 

TABLE 1.—Relations of Flow, Ratc, Duration and Degree of Pressure Rise, Blood Pressure, and Vascular Sound 

| Anacrotic 
Slope of 

Arterial Pulse 
Remarks 

Cen- | Periph- 
tral eral 

960 | 60/0. 

1200 | 60/0. 

1400 | 60/0. 

10% O: inhalation 

10% O», 50 mg. Prise 

line, i.v. 

1000 60/0. 

1200 90/0.08 | 10% O» inhalation 

1500 | 100/0. 10% QO. inhalation, 

mg. Priscoline, i.v. 

500 40/0. 

1200 90/0. 

820 110/0.1¢ 

1000 50/0. Severe failure (‘‘shock’ 

AP/t = Absolute rise in pressure (mm. Hg) per duration of pressure rise. 

sounds were investigated, both sound and pressure 
were recorded 1 em. below the distal cuff edge. 
Representative data showing relations between 
sounds and flow rates, and characteristics of the 
pulse wave in the various states studied are shown 
in table 1. 

EXPERIMENTAL OBSERVATIONS 

As is seen in figure 1, sounds heard over loca- 

tions extending from the abdominal aorta to 

the dorsalis pedis artery are characterized by 

brief, rather intense vibrations with durations 

of 16 to 50 msec. and frequencies of 100 to 200 

cps. Figure 2 shows pressure and sound re- 

corded at the needle tip (I), 25 em. above and 

below the tip, (II and III), demonstrating that 

the sound precedes the pressure rise by 10 to 

12 msec. From II and ITI, it is obvious that the 

sound is propagated along the artery at a ve- 

locity of approximately 8 M. per sec. This is 

in close agreement with known values for pulse 

wave propagation." In IV and V, the needle 

was rotated 180 degrees around its long axis 

resulting in the appearance of a definite nega- 

tive preanacrotic dip of 8 to 10 mm. Hg. This 

was readily reproducible and may be the same 

phenomenon that Erlanger recorded as a vessel 

wall movement.‘ (To avoid deforming the 

vessel wall, in IV and V, the microphone bell 

was placed 25 cm. above the needle.) 

Figure 3 shows the relationships of sound 

and lateral movement of the vessel wall using 

a pressure capsule. Sound was recorded as 
indicated in the legend. Again from the average 

values for I and IV the sound is recorded 10 

to 12 msec. before the first lateral movement 

of the vessel wall. This same sequential rela- 

tion of spontaneous sounds to pressure has 

been found in all patients with aortic valve 

incompetence, in a normal 22 year old woman 

in her first trimester of pregnancy, in a 28 year 

old man in a thyrotoxic state, and also in sub- 

jects in whom the stroke volume and cardiac 

output were increased by the inhalation of 10 

per cent oxygen or by the intravenous admin- 

istration of Priscoline or Apresoline. 

The sequence of events in the brachial ar- 

tery immediately below a standard blood pres- 

sure cuff which is inflated to above systolic 

pressure and slowly deflated to below diastolic 

pressure is shown in figure 4A. Line I shows 

that the sounds appear ahead of the main puls¢ 

rise by a time period comparable to that see! 

in spontaneous sounds. Note, however, tha‘ 

there is a slight rise in pressure (indicating 

small flow) at the time of sound production 
which 16 to 18 msec. later changes to the usua 

rapidly rising pulse contour. The relative flov 

rates cannot, of course, be quantitated. Th 
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Fig. 1. Lines I to V show appearance of spontaneous ‘‘pistol-shots’’ as recorded at umbilical (1), 
femoral (IL), mid thigh (III), popliteal (IV), and over the dorsalis pedis (V) level respectively. Sub- 

ject W.H. 

sound is again of short duration, of relatively 

high intensity, and has a frequency of 100 to 

150 eps. Figure 4B shows that the Korotkoff 

sounds, line I, differ from the spontaneous 

sounds, line IIT, only in frequency and in in- 

tensity. Line I shows duplication of the first 
recorded sound at cuff pressure just below sys- 

tolic. Line IIT shows the decrease in frequency 

as the cuff pressure is decreased from 50 to 20 

and to zero mm. Hg. 

T) coretic Considerations 

‘he above observations demonstrate that 

re exists a close resemblance between spon- 

eous and induced sounds in blood vessels. 

additional fact that at times it is clinically 

ossible to distinguish between them sug- 

s a common or closely related mechanism. 

‘records show that (1) at a given point in 

arterial tree, the “pistol-shot’”’ precedes 

1 the pressure rise and the lateral move- 

ment of the vessel wall. In the case of the in- 

duced sounds, (Korotkoff), the sound also 

precedes the main pulse wave; (2) the duration 

of the sounds is such that the sound disappears 

before the pressure rise is complete (thus dis- 

counting the possibility that the sound is 

transmitted down the vessel from the upstream 

pulse wave); (3) the duration of the spon- 

taneous sound is nearly equal to the time of 

rapid pressure rise and also rapid caliber change 

of the vessel from which the sound arises. 

A number of explanations have been pro- 

posed for vascular sounds of the type under 

discussion, which may be briefly listed as fol- 

lows: (1) sudden expansion of the vessel wall 

and resultant vibration and sound produc- 

tion;?: >. ® (2) the ‘“water-hammer” effect due 

to sudden change in flow or pressure;': > § 

(3) the ‘‘preanacrotic phenomenon” or ‘‘breaker 

effect”’ relating the sound produced to surface 

wave phenomenon;':* (4) fluttering of the 
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Fig. 2. Simultaneous records of pressure in femoral artery with microphone: I, over needle tip; 

II, 25 em. above the needle; III, 25 em. below the needle; IV and V, 25 cm. above the needle tip (um- 

bilicus), but needle rotated 180 degrees around long axis. Subject W.H. 

vessel wall during flow through a compressed 

segment, the “Bernoulli effect.’ 7 

In the light of the above observations, these 

explanations for the production of vascular 

sounds need to be scrutinized. 

1. Sudden Expansion of the Vessel Wall 

Caused by the Pulse Wave. The duration of the 

anacrotic pressure rise in the case of the patient 

in figures 1, 2, and 3 as measured by strain 

gage is .08 sec. (col. 8, table 1). It is unlikely 

that such a transient wave, which is at best 

6 cps, would impart a vibration of up to 200 

cps to the vessel wall, since the total duration 

of the induced vibration is less than one com- 
plete cycle of the inciting wave. 

2. The ‘‘Water-Hammer” Effect. The strict 

definition of “‘water-hammer” requires that a 
rigid system transmit a compression wave at 

a velocity that approaches the speed of sound 

in liquid.’:'* The observed transmission ve- 

locity, (8 M. per see.) is approximately 1/200 

that of a true ‘“water-hammer,” and for this 

reason the explanation does not appear valid. 
3. The ‘“Preanacrotic Phenomenon.” The 

recording of the preanacrotic phenomenon, 

(negative dip, fig. 2), whose presence depends 

upon the direction of the needle opening, indi- 

cates a disturbance in flow pattern ahead of the 

pulse and is only seen in fortuitous circum- 

stances. Erlanger* showed the presence of this 

dip in arteries under pneumatic compression. 

He surmised that Korotkoff sounds occurred 

when the dip was present but no simultaneous 

measurements were made. As figures 2, 44, 

and B indicate, spontaneous as well as in- 

duced vascular sounds occur in the absence of 

the “dip.” 

4. The “Bernoulli Effect.”” Rodbard,? cn 

the basis of vibrations in a thin-walled syste n 

using a low viscosity liquid, suggests that t! e 

blood flowing through the segment of cor:- 

pressed vessel reaches a high velocity. Tle 
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Fic. 3. Simultaneous records of sound and lateral movement of the vessel wall: I, microphone 

just above the capsule; II, microphone 25 cm. above the capsule; III, microphene 25 cm. below 

capsule; IV, microphone just below the capsule. Subject W.H. 

“Bernoulli effect”? of a decreasing lateral 

pressure as velocity is increased would tend 
to cause an intermittent flow with resultant 

wall vibration. The physical differences be- 

tween the thin-walled model “artery” in air 

through which a low viscosity liquid is passed 

and the brachial artery, surrounded by semi- 

fluid soft tissue (and then surrounded by a 
pneumatic elastic cuff) through which a much 

more viscous blood flows, casts doubt that 

the “Bernoulli effect”? can be applied to the 
production of the Korotkoff sounds. The ob- 

servation that these sounds are heard over a 
very localized area immediately below the 

culf attests to the damping effect of the rela- 
tively thin layer of subcutaneous tissue that 
covers the brachial artery at the antecubital 

space. In any event, this mechanism could 
t explain the spontaneous sounds shown in 
ire 4B, line III, which have the same time 

itionship as the Korotkoff sounds, since at 

time is the vessel segment empty or even 

npressed when spontaneous sounds are 

‘sent. 

“uisada and Rappaport,’ suggest that factors 

and (4) operate in the production of Korot- 

koff sounds. The discrepancies discussed 

above apply equally to this suggestion. 

Because these explanations do not satisfy 

the observed facts, another mechanism for the 

observed sounds is proposed that is based on 

known concepts of fluid mechanics.'® For 

orientation, the following definitions are set 

forth.?» 

1. Steady flow is the flow in which the veloc- 

ity, pressure, density, and so forth, at a given 

point do not change with time. This may be 

termed silent or quiet flow. The usual flow 

in vessels may be a gradually changing con- 

tinuum of steady flow. 

2. Laminar flow is the form of steady flow 

in vessels where the fluid moves in layers, one 

layer tending to slide with respect to its 

neighbor, (intermolecular friction). There is 

no transfer of fluid mass between adjacent 

layers. In Newtonian fluids, such as water, 

the velocity distribution across a circular 

vessel when seen in two dimensions (fig. 5) is a 

parabola with the velocity of the lamina at 

the wall zero, the velocity at the center twice 

mean velocity. Blood, however, is not a New- 
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Fic. 4. A, Simultaneous Korotkoff sounds and brachial artery pressures taken from a point 1 

cm. below the cuff edge (see text). B, Simultaneous Korotkoff sounds and pressure as in 4 A, line I 

and II. Line III at slower film speed shows the transition from Korotkoff sounds to spontaneous 

sounds indicated by the change to a lower frequency. Note that the time relationship remains the 

same. It is interesting that the extreme ‘‘dicrotic’’ pulse had two peaks with duplication of Korotkoff 

sounds at cuff pressure near systolic levels (line I, 2 sounds with each pulse). 

tonian fluid and may follow a blunted para- 

bolic velocity profile (fig. 5). 

The formula for the velocity of any lamina 

(v;) at distance x from the center of a vessel 

radius R through which a fluid is flowing with 

a mean velocity of 0, is expressed in the follow- 

ing equation’: 

v,; = (R® — x*)(20) (1) 

3. Turbulent flow is characterized by second- 

ary, irregular motions and velocity fluctua- 

tions that are superimposed upon the _prin- 

cipal, or average, flow. There is crossing of 

flow lines, and eddies are formed. Energy is 

therefore dissipated which does not contribuie 

to the average forward flow. With the liber:- 

tion of energy turbulent flow eventually re- 
converts to a laminar flow pattern. Turbuleit 

flow is a form of unsteady flow and as such ‘s 

known to be a source of noise or sound." 

4. Since the ratio of inertial energy to vi-- 

cous force in a flowing system determin:s 
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hether laminar or turbulent flow is present, 

1e dimensionless ratio, the Reynolds number 

as been used to predict which type of flow 

ill occur. This may be expressed in the form 

f equation 2, where viscosity and density are 

mstant.!® 

i = fom: dv and R as before (2) 

‘he Reynolds number (R,) at which turbulence 
ecurs is 2000. Thus equation 2 shows that, 

ra given velocity, turbulence will be more 

ikely to occur as the radius increases. It has 

een calculated that flow in the aorta nor- 

ually approaches turbulence.'® 

In addition to these definitions further 

arameters of pulsatile flow in an expansile 

ystem may be listed: 
1. Pulse wave velocity, 4 to 8 M. per sec., a 

value that can be determined accurately be- 

tween two points (mean pulse velocity). 

This is, of course, independent of any net 

movement of fluid. Indeed, considerable pulse 

wave velocity along the vessel may be present 

in the absence of any flow within the vessel 
and may be present even with blood flowing 

in the opposite direction (venous pulse). 

The speed of propagation of the pulse wave is 

primarily dependent on the distensibility of 

the vessel wall and on the density of the fluid 

which it contains. It can be predicted by em- 

pirical relationships." 

2. Flow, expressed as volume transported 

past a point per unit time, is more difficult to 

measure without disturbing the system. 

Despite conflicting results by different meth- 

ods-?, 16.17, 19 it is safe to say that blood 

passes through the aortic valve as a pulse, all the 
‘low in systole, none in diastole. At some point 

long the aortic reservoir, this completely 

»ulsatile flow is changed to more or less con- 

tant run-off at the arteriolar end of the vas- 

ular system. 

3. Linear velocity, em. per sec., is not con- 

tant at all points across the vessel diameter 

nd should, therefore, be referred to as mean 

near velocity even though it is an instan- 

ineous value. It is independent of the speed 

' the pulse wave and in the dog’s aorta has 

een estimated at from 80 cm. per sec. systolic 
» 8 cm. per sec. diastolic."’: * Mean linear 

TWO DIMENSIONAL VELOCITY PROFILES ACROSS 
CIRCULAR VESSEL IN DIASTOLE AND SYSTOLE 

:"O" Velocity Systole 

Twice mean velocity 

systole & diastole 

Vessel Wall 
Diaostole 

Vessel Woll 
Systole 

CALIBER CHANGE MOVES ALONG 

VESSEL WITH PULSE WAVE VELOCITY 

Fic. 5. Schematie representation of change in 

velocity profile of laminar flow patterns which occurs 

with increasing caliber without change in mean linear 

velocity. 

velocity through the aortic valve is high in 

systole and zero in diastole. If this would con- 

tinue in the aorta and larger vessels, the in- 

crease of cross sectional area caused by the 

expanding vessels would exaggerate the pul- 

satile nature of the flow. (Flow equals  X A, 

where A is the cross-sectional area.) This is 

contrary to actual observation. In calculations 

of stroke volume from the central pulse it 

may be noted that without additional inflow, 

two thirds of the previous systolic stroke 

volume leaves the arterial reservoirs during 

diastole.'7 Therefore, the rate of flow during 

diastole is only slightly smaller than that 

during systole. In addition, the normal cen- 

tral pulse shows a declining limb of the pres- 

sure tracing during diastole that deviates from 

a straight line only by the superimposed in- 

cisure of the aortic valve closure. From known 

pressure-volume relationships of the human 

aorta'® this straight line slope might be inter- 

preted as a linear decrease in the aortic and 

large vessel volume which can only be due the 

constant forward run-off. (No blood passes 

the aortic valve during diastole.) Assuming no 

significant change in the length of the system, 

the cross-sectional area of the vascular bed 

(aorta and great vessels) would decrease dur- 

ing diastole at the same rate as the volume de- 

creased. Because } = F'/A, (Flow/Area cross- 

section) a linear increase in mean velocity 

must occur in diastole. Mean linear velocity 
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must then decrease during the following sys- 

tole. The actual velocity changes are probably 

not great and occur gradually. (This does not 

agree with measurements made with bristle, 

“bubble,” and differential-pressure flow me- 

ters and is merely indirect evidence for events 

that are very difficult to record instantane- 
ously.) This indicates that in the great vessels 

at the end of diastole, the blood has not only 

appreciable linear velocity, but may well be at a 

near peak value at that time. 

The recorded sequence of sound and pres- 
sure changes in vessels could be explained as 

two phases of relatively steady, quiet flow 

separated by a brief period of extremely un- 

steady or turbulent flow that begins just ahead 

of the pulse pressure rise. From the definition 

of laminar flow, it is apparent that, for a given 

mean velocity and diameter of vessel, an 

individual velocity distribution across the 

vessel diameter will be set up. Either a change 

in diameter, or in mean velocity, will be asso- 

ciated with a change to a second velocity dis- 

tribution with appropriate changes in potential 

and kinetic energy. In an expansile system 

such as the arterial tree, the important change 

is due to change in the vascular diameter. 

This undergoes more rapid changes than does 

the mean velocity. 

If this change occurs rapidly, the sharp dis- 

turbance in flow pattern will result in a tran- 

sient period of turbulent flow and in the re- 
lease of energy that may be manifested as 

sound (fig. 5). As energy is dissipated, a new 

laminar flow pattern becomes established. 

(This situation is analogous to the “hydraulic- 

jump” in which turbulent flow and energy 

loss separates two laminar flow patterns at 

different mean velocities and cross-sectional 
areas.?) Helps and McDonald,'* using high- 

speed photography of the movement of gas 

bubbles in a vessel, have found oscillatory 

movements of high velocity and short dura- 

tion at the time of pressure rise. 

Going a step further (fig. 5), if the sudden 

change in diameter is moving along the vessel 

(as a propagated pulse wave would), a brief, 

sharp sound might be heard as the disturb- 

ance passes under the microphone or stetho- 
scope. Since the slow moving laminae near 

the wall of the vessel in diastole are being 

acted on by an accelerating force from the 
faster lamina in the larger caliber portion of 

the vessel in systole (fig. 5), turbulent flow 

may occur at the end of diastole several milli- 
seconds ahead of the arrival of the pressure 

pulse. It will continue several milliseconds 

after the arrival of the rise in pressure as energy 

is being “bled-off” the blood in the vanguard 

of the pulse. This explanation seems to satisfy 
the recorded sequence of events (figs. 2 and 3) 

The changes in flow pattern that have been dis 
cussed may to a certain extent be quantitated 
Distensibility studies of the human aorta" indicat 
that in the aorta of a young individual a pressur: 
rise of from 40 to 160 mm. Hg (aortic insufficiency 
W. H., table 1), would give approximately a three- 
fold increase in volume. If this occurs without a 
change in length of the vessel, the radius should 
increase by 1.7. Assuming that no significant 
changes in mean velocity have occurred as the radius 
is increased and assigning a value of 50 cm. per sec. 
as mean velocity, the relative changes in velocity 
distribution occurring within this vessel can be cal 
culated by substitution in equation 1. As the vessel 
radius increases by 1.7, the lamina which in diastole 
had zero velocity (c = R) must accelerate to x = 
1/1.7R during systole (fig. 5). Therefore, V; = 
(1 — .36) (100) = 64 em. per sec. If the time in 
which this change must take place is of the order 
of 0.1 sec this would require an average acceleration 
of 6.4 M. per sec.2 Most of the energy released by 
this acceleration is absorbed by the distal column 
of blood still in the diastolic portion of the pulse 
curve. Some of the energy that cannot be trans 
ferred to flow will manifest itself as noise by un 
steady flow. 

At the other extreme, a subject such as E. L., 
table 1, with arterial pressures of 120/80 mm. Hg 
could have a corresponding volume change of ar 
terial reservoirs with the radius increasing by 
only 1.2.5 Assigning a mean velocity of only 25 cm 
per sec., the systolic velocity assumed by the lamina 
with zero diastolic velocity (that nearest the vesse! 
wall) could be expressed by V; = (1 — .7) (50) = 

17 cm. per sec. If the pressure rise takes place ove! 
0.1 sec., the acceleration of that lamina undergoin 
the greatest change in velocity would only be 1.6 
M. per sec. In the first case, with spontaneous vascu 
lar sounds, the cross-sectional area involved in : 
velocity increase is twice that in the second cas: 
which showed no spontaneous sounds. Thus th 
increase in inertial energy in the first case would bi 
greater and would occur over a shorter period o 
time than in the second case. (See Appendix. 
It can, therefore, be stated that the change in energ: 
level responsible for the source of sounds will be : 
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netion of several somewhat interdependent factors: 
) the degree of pressure rise (AP); (2) the slope 
the pressure rise, dP/dt; (3) the increase in cross- 
‘tional area for a given pressure rise, dA/dP and 
) mean linear velocity (v) at the end of diastole. 
hus, the energy per unit time imparted to a col- 
an of blood in diastole by an advancing pulse 
‘essure wave may be expressed in a general equa- 
m as: 

E, — Ez = Kf{AP, dP/dt, Da/dP, (v)] (3) 

here H, — EH, is the increase of energy, both pres- 
we and kinetic, by the pulse wave and K is a 
roportionately constant. J. M., table 1 shows 
hanges in the various factors of equation 3 ex- 
\ibited by a normal individual with “quiet’’ vessels 
t rest who developed spontaneous sounds over the 
emoral arteries while breathing 10 per cent oxygen 
ind after intravenous Priscoline. Note that without 
‘hange in pressure (AP), the rate of pressure rise 
dP/dt) in the radial artery (col. 8) increases during 
anoxia and after Priscoline. This results in a more 
rapid caliber change than at rest. At the same time, 
both stroke volume and cardiac output rise (col. 3 
and 4) with corresponding increase in mean veloc- 
ity (v). The changes will cause a several fold in- 
crease in energy transfer during the experimental 
procedures as compared to the resting values. 

A second type of sound occurring spontane- 

ously over vessels is seen in figure 2. This is a 
low intensity, crescendo and _ decrescendo 
sound that occurs after the plateau of systolic 

pressure has been reached. The contrast be- 

tween this and the brief, sharp “‘pistol-shot”’ 
is considerable. From the definition of Rey- 

nold’s number and equation 2, either an in- 

crease in radius or in mean velocity would 

cause turbulent flow in a system where the 

critical Reynold’s number was approached. 

The fact that this low-grade turbulent flow 

does not persist throughout systole can be 

‘xplained by the previously suggested inverse 

elationship between pressure and mean 

near velocity in the great vessels. 

A similar interpretation may be advanced 

wr the case of sounds heard over a vessel 
onstricted by a cuff. Because of the elasticity 

{ the skin, and the semifluid properties of 

it and muscle, the compression force of the 

ff is transmitted to the vessel better at the 
uff center and less well at the cuff edges. This 

schematically depicted in figure 6. As is 

idicated, condition I shows the vessel just 

rior to penetration by the pressure pulse. 

Cuff Pressure 

XN 

eS Intra-arterial 
~~ _pressure san, 

Fig. 6. Schematic suggestion of relationship be- 

tween cuff pressure and the shape of and flow through 
a vessel over which sounds of Korotkoff are heard. 

As penetration begins, condition II, there 

may be a small amount of flow through a 

deformed segment with the formation of turbu- 

lent flow distal to the deformity. Condition II 

is very brief in duration, since the pressure 

rise continues and the deformity is quickly 

obliterated. Thus condition IT quickly changes 
to condition III which allows relatively 

steady laminar flow during the time the main 
pulse wave enters the distal segment of artery. 

The absence of Korotkoff sounds (‘‘no 

blood pressure”) over vessels at a time when 

direct pressures may be within normal limits 

is occasionally encountered and such an ex- 

ample is L. S. of table 1. This patient had a 
very low cardiac output and extreme vaso- 
constriction of the extremities. His arterial 

pulse contour showed a brief spike of pressure 
in systole which reached 150 mm. Hg for .05 

sec. and dropped sharply to 90 or 95 mm. 

Hg. It is likely that this brief pressure rise 

was damped out by the pneumatic cuff and 

at the time blood penetrated the compressed 
segment, the pressure head was not of suffi- 

ficient magnitude to produce flow adequate 

for the production of an audible sound. 

In truly hypotensive states, the stroke 

volume entering the aorta may be quickly 

damped or a weak pulse propagated. Korot- 
koff sounds may not be heard and a “zero” 

pressure may be found in spite of measurable 

values obtained by arterial puncture, because 

the flow at the time of pulse penetration is 
k~“ow that required for the production of a 

sound. This situation is the reverse of the 
audible sounds heard at zero cuff levels (See 

table 1). It is of interest that exercise or vaso- 

dilation of a limb will accentuate the sounds of 
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Korotkoff. This has been suggested as an indi- 

cation of the relative amount of blood flow.? 

SUMMARY 

1. The relationships of intravascular pres- 

sure to spontaneous and induced sounds heard 

over arteries have been investigated in 16 

subjects with normal hemodynamics or with 
circulatory relationships altered either by 

disease or by drugs. 

2. It was found consistently that the sounds 

preceded the rise in pressure. The possible 

mechanism of this relationship is discussed. 

3. It is suggested that such sounds (‘‘pistol- 

shot”? sounds and Korotkoff’s sounds) are re- 

lated to periods of unsteady flow and that these 

periods occur as the result of rapid changes 

from one velocity profile to another. This 

energy is released which manifests itself as 

sound. Gross quantitation of the amounts of 

energy involved is attempted. 

4. The phenomenon of ‘‘pistol-shots’” in 

aortic insufficiency and in states with high 

cardiac output, the finding of ‘zero diastolic” 

cuff readings, and the absence of Korotkoff 

sounds in the presence of normal or reduced 

direct pressure values may be explained by the 

hypothesis presented. 

SUMMARIO IN INTERLINGUA 

1. Le relation de pression intravascular con 

spontanee e inducite sonos audite supra 

arterias esseva investigate in 16 subjectos con 

hemodynamica normal o con conditiones circu- 

latori alterate per morbos o drogas. 

2. Il esseva constatate que le sonos oc- 

curreva regularmente ante augmentos de 
pression. Es discutite le mechanismo possibile 

de iste relation. 
3. Nos opina que tal sonos (sonos a “‘colpo 

de pistola” e sonos de Korotkoff) es relationate 

a periodos de fluxo instabile e que iste periodos 

occurre como resultato de rapide transitiones 

ab un profilo de velocitate a un altere. Le 

energia assi liberate se manifesta in le forma 

del sonos. Nos ha tentate un quantitation 

grosse del energia involvite. 

4. Le phenomeno del ‘‘colpos de pistola’’ in 

insufficientia aortic e in statos con alte rendi- 

mentos cardiac, le constatation de lecturas 

bracial de ‘‘zero diastolic,” e le absentia de sonos 

de Korotkoff in le presentia de normal o re 

ducite pressiones directe pote eser explicat« 

per le hypothese formulate in le presente re 
porto. 

APPENDIX 

Although equation 3 gives the general relation 
ship for a change in kinetic energy and the factor 
involved, it is possible to develop the relationshi; 
between radius and kinetic energy assuming som 
but no striking changes in mean linear velocity 

Previous arguments have indicated that  systo! 
would possibly have a lower mean velocity tha 
diastole. Consider a lamina of thickness dx of uni 
length in a vessel of radius R: 
where x = distance from the center 

dm = p2rxrdx 
p = density of the fluid 

dm = mass of the lamina of unit length. 

then the Kinetic Energy (K.E.) of this lamin: 
dK E, is: 

dKE = dmv? 

where v; is instantaneous velocity (equation 1) 
From equation | 

(R? — x?)(2v) 

v; = 40?(R* — 2R?x? + 2') 

dKE = [p2rx d x\[4v?(R! — 2R2x? + x*)] 

KE = %mv” or 

oR 

pimv" (Rix — 2R?2° + 2°) dx Equation 4 
“0 

my 
= pinv- 

) 

ee a Qpmv"R® 2 
KEsunit length = -* K geal 

where v does not change and K is a proportionality 
constant. From equation 4, and the consideration 
of the parabolic flow profile, two pertinent rela 
tionships are apparent. First, as in the case of W 
H., the kinetic energy /unit length of blood changes 
27 fold as the radius increases by 1.7. Second, th 

greatest portion of that increase in energy is con 
tained by the inner two thirds of the systoli 
column which is in direct flow continuity with th 
diastolic column (fig. 5). 
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The Prevention of Thromboembolic Compli- 
cations in Myocardial Infarction by 

Anticoagulant Therapy 

A Clinical-Pathologic Study 

By Hexen I. Guuecx, M.D., Henry W. Ryprer, M.D., anp Puitie Wasserman, M.D. 

Autopsy records of 151 patients dying of acute myocardial infarction, in a large private hospital, 
were reviewed. Half of the patients received anticoagulant therapy. Hemorrhage was not a sig- 
nificant cause of death in Dicumarol-treated patients. Embolic complications, often undiagnosed 
clinically, were of common occurrence. Adequate anticoagulant therapy effectively reduced, not 
only the total number of emboli, but also the number of serious or fatal emboli. In this role, anti- 
coagulants serve a useful purpose in the treatment of myocardial infarction. 

ARLY optimism regarding the effec- 

tiveness of anticoagulant therapy in 

patients with myocardial infarction has 
been tempered by changing concepts of the 

mortality in this disease, by the risk of hemor- 

rhage attending their use, and by the difficulty 

in clinical appraisal of any therapeutic agent in 

a disease characterized by great variability.'- 

Although thousands of cases are included in the 
clinical data, with few exceptions autopsy ma- 

terial has not been utilized to study the effects 
of these drugs.5-§ It is known that death in 
myocardial infarction may result from shock, 

congestive failure, arrhythmia, embolization, 

or ventricular rupture. These multiple factors 

influence the prognosis of the patient in diverse 

ways so that a clinical appraisal of one factor, 

thromboembolism, and its role in mortality 

and morbidity has been difficult to assess. With 
reliance solely on clinical data, it is even more 

difficult to determine the efficacy of antico- 
agulant therapy in preventing these complica- 

tions of myocardial infarction. The present 
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pital Association, and the Department of Medicine, 
University of Cincinnati College of Medicine, Cincin- 
nati, Ohio. 

This study was supported by a grant to the May In- 
stitute for Medical Research from the Max Thurnauer 
Fund. 

series of autopsied cases demonstrates the im- 

portance of thromboembolic complications as 

a cause of death in myocardial infarction, gives 
quantitative evidence of the value of anti- 
coagulant therapy in preventing these com- 

plications and indicates how slight is the risk 
of hemorrhage subsequent to their utilization. 

MATERIAL AND METHODS 

The present series of 151 autopsied cases was 
collected from a private general hospital with an 
active service in cardiovascular disease. All records 
were obtained from patients admitted between 
January 1, 1946, and December 31, 1953, inclusive 
This eight-year period was selected for 2 reasons: 
first, records classified by the “unit”? system were 
easily obtained, and second, during this interval a 
standard anticoagulant data sheet had been utilized 
for all patients receiving the drugs. The daily dosage, 
the prothrombin response, and the complications of 
therapy were thus clearly indicated on all records. 

The clinical diagnosis of myocardial infarction 
was made in 960 instances during this period. This 
figure included, not only those dying shortly after 
admission, but also those dead on arrival to the 
hospital in whom the diagnosis was often presump 
tive. Of the patients admitted with this diagnosi: 
316 (32 per cent) died and 193 autopsy records (6! 
per cent) were available. Forty-two records wer: 
discarded because the patient had survived in th: 
hospital less than 24 hours and the data wer 
therefore incomplete. One hundred fifty-one suitab!: 
records otherwise unselected were thus availabl: 
for study. 

Medical care was largely directed by privat 
physicians, among whom internists predominated 
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PaBLE 1.—Final Clinical Diagnosis on 151 Autop- 

Patients with Myocardial Infarction Classified 
Regard to the Use of Anticoagulant Therapy 

No. of 
Cases 

1. Anticoagulant therapy 

“‘treated’’) 

A. Infarct diagnosed clinically . . . 
8. Infarct not diagnosed clini- 

PMN esis ASE oasis a ecare 

Final clinical diagnosis: 
Congestive failure.......... 

Cerebrovascular accident. .. 

2. No anticoagulant therapy (‘‘un- 
treated’’) 

A. Infarct diagnosed clinically... 
Reasons for omission of drug: 

Years before general use of 

Diagnosis late or uncertain. 

No stated reason 
Associated cerebral symp- 
ME 5.55 Pas a os oe ates a 

DOBERE MANOE 55 oss eiccets 

Doctor or patient refusal... . 

Surgery contemplated 
Renal disease, uremia 

B. Infarct not diagnosed clinically 
Final clinical diagnosis: 

Congestive failure 

Cerebrovascular accident. ... 

NI scp odd ereceasas 

Miscellaneous............... T 

* In parenthesis, total number in that category. 
+ Generalized vascular sclerosis, gastric hemor- 

rhage, ruptured ventricle, ruptured aneurysm, dia- 

betes, uremia, pulmonary emboli. 

seventy-six per cent of patients receiving the drugs, 
as well as 76 per cent of those not given anticoagulant 
lerapy, were attended by internists. The remainder 
the patients in both groups were seen either by 
neral practitioners or on the service wards of the 
ispital. Consultation was widely used in the latter 
o categories. 
Autopsies were performed by or under the direc- 
m of two senior pathologists,* thus insuring uni- 
m interpretation of pathologic material. For the 
ist part, the autopsies were completed independent 
the present investigation, so that the pathologic 
dings were unbiased by the present study. 

* Dr. Philip Wasserman, Director, Department 
Pathology, Jewish Hospital Association, and Dr. 
n Schwartz, Associate Director, Department of 

thology, Jewish Hospital Association. 

CHARACTER OF THE SAMPLE—CLINICAL 

ANALYSIS 

The- final clinical discharge diagnoses at 

death are summarized in table 1. Seventy-six 
patients receiving any form of anticoagulant 

therapy were included in the “treated” group. 

The “untreated” consisted of 75 in whom no 
such drugs were administered.f A discrepancy 
existed between the clinical and pathologic 

diagnosis in 26 of the “untreated” and 4 

of the ‘“‘treated” patients. Since the diagnoses 
were often more obscure in the “untreated” 

group, it is clear that the two groups were not 
selected completely at random (P = <.001).° 
Nevertheless, it is possible to compare the 

groups in a number of their clinical and patho- 

logic attributes, once these differences in the 
samples are recognized. 

The clinical features of the two groups are 

presented in table 2. The two groups were 

similar in regard to age, race, sex, obesity, the 
presence of failure, arrhythmia, history of 

previous occlusion, and the finding of shock. 
The mean age of the “treated” group was 62.2 

years, of the ‘“‘untreated” 64.9. Figure 1 shows 

the similar age distribution of the two groups 

by three-year intervals. A high incidence of 

failure characterized both groups (table 2). 
Serious arrhythmias were likewise of common 

occurrence in both groups (table 2). These 

included atrial fibrillation or flutter, frequent 
atrial or ventricular extrasystoles, various de- 
grees of heart block, and ventricular tachy- 

cardia or fibrillation. 
The duration of illness from onset of symp- 

toms to death is plotted in figure 2. Twenty-two 

patients in whom emboli were a primary cause 

of death, or a major contributing cause of 

death (as determined by pathologic study) 

have been plotted separately. Six of these 

deaths occurred in “treated”? patients, 16 in 

“untreated” patients. The time-mortality 
curves for the three groups are similar. By the 

tenth day of hospitalization half of all the 

+ The similarity in numbers of the 2 groups is 

fortuitous. The study was terminated in 1953, since 
anticoagulant therapy is at present almost routinely 

used, thus limiting the number of “untreated’’ 
patients. 
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TaBLE 2.—Clinical Comparison of ‘‘Treated’”’ and 

*‘Untreated”’ Groups, Classified with Regard to Clinical 

Characteristics and Statistical Significance 

76 Patients 

A. Differences Not Statistically Significant 

Age in vears, mean .2) 64.9 

Race (Jewish) .| 25 22 

Obesity , 15 10 

Congestive failure 

Present on admission..... 46 31 

Developed. .| 10 15 

' : 56 46 
Major arrhythmia 

Present on admission. 

Developed 

Shock 

Present on admission 

Developed 

36 

Previous occlusion. . 23 17 

B. Differences Statistically Significant 

35 -O1-.001 Sex (male) ; 54 5 

23 ~.01 Diabetes , 10 

Hypertension (history or 

finding on admission) 35 53 

Angina gion ; 36 18 

.O1—.001 

-O1—.001 

* P = probability of the chance occurrence of such 
distributions, calculated from x?.% 

deaths had occurred. Patients who survived 

were usually hospitalized for 4 to 6 weeks. This 

period of observation was sufficiently long for 

serious late complications to be included in the 

pathologic material. 

Significant differences were noted in the 

“treated” and “‘untreated”’ groups in regard to 

sex, diabetes, hypertension, and angina (table 

2). Their confirmation by pathologic data and 

their role in the patients’ deaths are considered. 

ADEQUACY OF ANTICOAGULANT THERAPY 

It was observed early in the study that cer- 

tain of the “treated’”’ patients had received 

only “token” anticoagulant therapy. An oc- 

casional patient had received only 1 or 2 doses 

of the drugs during 10 or more days. Others 

O “Treated” 

A “Untreated” 

CUMULATIVE PERCENTAGE OF PATIENTS 

60 80 

AGE IN YEARS 

Fig. 1. Age in ‘‘treated”’ and ‘“‘untreated”’ group: 

The cumulative plot is of the age at the midpoint « 

each 3 year class interval. The ordinate, percentag: 
is on a probit scale. 

O 70-Dicumarol Treated 

& 59-No Dicumarol 

@ Embolic Deaths 

(6 treated, iGuntreated ) 

o @ 

@ on 

CUMULATIVE PERCENTAGE MORTALITY 

2 
Doys Weeks 

TIME AFTER ONSET OF SYMPTOMS 

Fic. 2. Time-mortality curve in “treated”? and 

“untreated”’ groups. The patients in both groups dy 

ing of emboli (6 “treated”, 16 ‘‘untreated’’) are plotted 

separately. The ordinate, percentage, is on a probit 

scale. 

had received small, inadequate dosage. In 

order to define therapy as “‘adequate,” certain 

arbitrary criteria were established. In general, 

they correspond to those of Wright and the 
group of the American Heart Association 

These criteria for adequacy are as follows: 

1. Initiation of anticoagulant therapy no 

later than six days after the onset of symptom 

suggesting myocardial infarction. 

2. At least 21 days of therapy. 
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;. Prothrombin concentration of 30 per cent 

ess (Quick assay) at least 70 per cent of the 

e dicumarol was administered, excluding 

first 5 days of therapy. 

\ll but 2 of the patients in this series re- 

ved heparin by various routes at the onset 

treatment, along with dicumarol. Heparin 

s continued until the prothrombin concen- 

tion had fallen to 30 per cent or less of the 

rmal concentration. One patient received 
enindione (Hedulin). Of the 76 patients 

eiving anticoagulants, 56 had adequate 

‘rapy when classified by the above criteria. 

\RACTER OF THE SAMPLE—PATHOLOGIC 

ANALYSIS 

lhe primary cause of death as classified by 

e pathologist is noted in table 3. All 151 
itients died with myocardial infarction, al- 

though secondary causes, for example, failure 

or shock, were often immediately responsible 

for the patient’s death. On pathologic examina- 

tion, many of the clinical differences between 

the 2 groups could not be confirmed. Conges- 
tive failure occurred in 66 of the ‘‘treated” and 

(8 of the “untreated” group (table 4). Al- 

though a portion of the failure might be ascribed 

to terminal pulmonary edema, the incidence of 
failure was higher in both groups than the 

clinical data had suggested. 

Clinically, hypertension was commoner in 

the “treated” group. Cardiac hypertrophy 

however, one objective reflection of sustained 

hypertension, was of equal distribution in both 

groups (fig. 3). Likewise the incidence of a 
previous occlusion was greater in both groups 

than the history had indicated, since it was 
found at autopsy in 30 of the “treated” and 27 

o! the “‘untreated”’ patients. 

\neurysmal dilatation of the left ventricle 

ulting from a previous infarct was found in 

ff the “untreated” and in 12 of the ‘‘treated”’ 
tients (P = .1-.05). Old mural thrombi in 

ociation with the aneurysm were found in 3 

the former and 7 of the latter categories, 

ich confirm the findings of Schlichter, Hel- 

stein, and Katz regarding the frequency of 

tl s complication in patients with myocardial 
it aretion.'° 

\ definite thrombotic coronary occlusion 

TABLE 3.—Pathologic Diagnosis of the Primary 

Cause of Death in 151 Patients Dying with Acute 

Myocardial Infarction 

“Treated” 
76 Patients treated” 75 Patients 

“Un- 

A. Differences Not Statistically Significant 
a <> — a S 

Myocardial infaretion*.... | 42 

Ruptured ventricle 5 

Cerebrovascular accident... 5 

Congestive failure. . } 4 

Pneumonia 2 

Pyelonephritis (chronic)... 

Perforated duodenal ulcer. . 

Multiple hemorrhages ...... 

B. Differences Statistically Significant 

BRON: oy cok 16 .02-.01 

* In the cases listed as myocardial infarction the 

pathologist could find no other immediate cause of 

death. In the remainder of the cases, the causes listed 

were considered the primary factor precipitating 

death, even though often consequent to the infarct. 

7 Of these 7 patients in the ‘‘treated”’ category, 5 

received inadequate anticoagulant therapy. Ex- 

cluding these patients, P = .0025. 

TaBLE 4.—Pathologic Observations on Congestive 
Failure in 151 Autopsied Patients with Myocardial 

Infarction 

“Un- Treated treated” 

Pulmonary congestion. ..... 38 34 

Pulmonary edema........ ede thas 3 

Right-sided failure. ...... 

Combined—right and left 

No failure. 

Tetal:. .... 

Differences are not statistically significant. 

was found on gross examination in 61 patients 

in the “untreated” and 64 of the “treated”’ 

group. Myocardial infarction without throm- 

bosis was noted in 14 of the ‘“‘untreated” and 
12 of the “treated” patients. The left coronary 

artery was thrombosed in 27 of the “treated” 

and 25 of the “untreated” patients, the right 

artery in 8 of the “untreated” and 9 of the 

“treated”? patients. Thrombosis was noted in 

the circumflex artery in 8 ‘‘untreated” and 4 
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TaBLe 5.—Chamber Involvement by Mural Thrombi 

in 161 Patients with Myocardial Infarction, Classified 

by Treatment Categories and Number of Chambers 

Involved 

| None’ | 

“Treated” adequately ...| (56) | 43 
“Treated” inadequately.| (20) | 8 

(75) | 44 | 19 “Untreated’”’. .. 

In parentheses are the number of patients in that 

category. When only the presence or absence of mural 

thrombosis is considered, the probability is between 
.01-.001 that the differences in the' three groups are 

due to chance alone. 

TABLE 6.—Embolization in 1651 Patients with 

Myocardial Infarction, Classified by Treatment 

Categories, Number of Emboli Per Patient, and Sig- 

nificance of the Emboli 

Number of Emboli 
Per Patient 

ene aes “Pri- 

More mary’’* 
None! One | than 

“‘Treated”’ adequately... .|(56)) 51 

‘“‘Treated’’ inadequately .| (20)! 11 . 

“Untreated’’.... (75)| 44 | 1 

In parentheses are the number of patients in that 
treatment category. 

When only the presence or absence of embolization 

is considered, the probability is less than .001 that 

the differences in the three groups are due to chance 
alone. 

* “Primary’’—emboli as a primary cause of death 

or major contributing cause of death. (See text.) 

The probability is between .01 and .001 that the 
differences in the 3 groups are due to chance alone. 

“treated” patients. The remainder of the 

coronary thrombi were found in various com- 

binations. 

THROMBOEMBOLIC COMPLICATIONS AS AFFECTED 

BY ANTICOAGULANT THERAPY 

Mural Thrombi 

Mural thrombi, visible grossly, were sig- 
nificantly reduced by adequate therapy. They 

were present in 13 of the “‘adequately treated”’ 

group, while 31 in the “untreated” group 

showed this complication. Inadequate therapy, 

however, was of no advantage, since mural 

thrombi were found in 12 of 20 “inadequately 
treated” patients (table 5). In the “adequately 

0 “Treated” 
4 "Untreated" 

CUMULATIVE PERCENTAGE OF HEARTS 

500 700 
HEART WEIGHT, GRAMS 

Fic. 3. Heart weight in ‘‘treated’’ and ‘ 

treated”’ groups. The cumulative plot is of the weig it 

at the midpoint of each 50 Gm. interval. The abscis.a 

scale is logarithmic. The ordinate, percentage, is on 

a probit scale. 

treated”’ group, more than 1 chamber was in- 

volved in 3 cases, whereas there were 19 such 

instances in the “untreated” group (table 5). 

The early appearance of mural thrombi is 

noteworthy, occurring in a number of patients 

whose clinical history was brief. Twenty-two 

patients receiving adequate anticoagulant 

therapy died on or before the fifth day of ill- 

ness (fig. 2); mural thrombi were present in 

5 of them. Nineteen of the “‘untreated”’ group 

died in this same interval; mural thrombi were 

present in 7. Mural thrombi were present in 2 

of 6 “inadequately treated” patients dying 

during this same period. 

Emboli 

A striking reduction in emboli was observed 

in the present series of patients receiving anti- 

coagulant drugs. In the “untreated” group, 31 

instances of such complications were noted 

(41 per cent); among “adequately treated” 

patients, 5 were found (9 per cent) (table 6). 

Inadequate therapy was of no noticeable ac- 

vantage when compared with the ‘untreatec”’ 

group, since 9 such patients (45 per cent) were 

found with emboli. 
Adequate anticoagulant therapy not ony 

prevented emboli, but if emboli were presen’, 

they occurred in fewer numbers. In the “ad - 

quately treated” group, only 1 patient hid 

emboli in more than 1 site, while 17 such i '- 
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sta ces were found in the “untreated” group. 
Ag in inadequate therapy offered no advantage 

(ta le 6), 85 embolic sites being found in the 

“v treated” group, whereas only 6 were ob- 

ser ed in “adequately treated”? patients. The 
ii inution in the number of emboli is impor- 

, since widely scattered, multiple emboli 
e a serious prognosis. 

)» bolt as a Major Contributing Cause of Death 

‘he significance of the emboli in relation to 

1 death of the patient was studied. Cases were 

‘| ected in which the pathologist classified the 
oli at the time of autopsy, as “primary 

se of death” or “major contributing cause 

| leath.’”’ Sixteen such patients were found in 

“untreated” group (21 per cent), whereas 

iy 2 were observed in the “adequately 
ated” patients (3 per cent) (table 6). Con- 

sidered as an important cause of death were 

ssive, repeated or multiple pulmonary in- 

farets, venous thrombosis associated with mas- 

sive pulmonary infarction, extensive cerebral 

thrombosis or infarction, peripheral arterial or 

mesenteric occlusion, and multiple emboli in 

scattered areas. As was previously observed in 
regard to the number of patients affected with 

emboli, inadequate therapy offered no protec- 

tion against this complication. 

Age of Patient and Occurrence of Emboli 

The relationship of age and the incidence of 

embolization is seen in figure 4. There was a 

higher incidence of emboli in patients 60 years 

of age and over, particularly in the ‘‘untreated”’ 

group. The diagram illustrates the marked 

diminution in embolic phenomena in this age 

group when anticoagulants were used. There 
were, however, 47 patients under 60 years of 

age in the entire group of patients studied. In 
these 47 patients, 10 showed emboli (21 per 
cet). Only 1 of the 10 patients of this com- 

bined group had received adequate anticoag- 
ulant therapy. 

Tie Clinical Diagnosis of Embolism 

‘he present study emphasizes the difficulty 
in the clinical diagnosis of emboli as recently 

shown by Towbin" and others.’ The clinical 
di: gnosis of embolism was made only 7 times 

“UNTREATED” * TREATED" 

RY Emboli Rj Emboli, 
- : Bncdequete Therapy 
[[] No Emboli mboli, 

Bic Adequate "Therapy 

[JNo Emboli 

NUMBER OF CASES WITH EMBOLI 

2 

“lag a tj 
3A 
— AWS 

0 70 80 90 

Age, ca Age, years 

Fic. 4. Relation of emboli to the age of the pa- 

tient. The ages are plotted by decades at the end of 

each class interval. The number of patients in each 

group is plotted on the ordinate. 

in the “untreated” group, whereas 31 patients 

were found with this complication. In the 

“treated”? group the diagnosis was correctly 

made in 5 of the 15 patients in whom emboli 

were found at autopsy. The diagnosis was 
usually correct when cerebrovascular or periph- 

eral arterial occlusion occurred. Pulmonary 

emboli, however, were often overlooked clin- 

ically, even when obvious on gross dissection. 

The diagnosis was even more difficult in the 

presence of multiple emboli. 

Cerebrovascular Accidents and Myocardial In- 

farction 

In 8 of the “untreated” and 3 of the 
“treated” patients (table 1) cerebrovascular 

accidents obscured the diagnosis of myocardial 

infarction. The common association of these 2 
disorders as emphasized by Bean” adds further 
difficulty in the diagnosis of myocardial in- 

farction. 

Thromboembolic Complications as Influenced 

by the Characteristic of the Sample 

The greater incidence of emboli observed in 

the “untreated” group could not be ascribed to 

differences in the 2 groups in regard to sex, 
clinical history of hypertension, and diabetes 

(Appendix A, B, C, table 1). Emboli were less 
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common in the “untreated” group with a his- 

tory of angina (Appendix D, table 1). No 

association of age, sex, diabetes, or mural 

thrombi in these ‘“‘untreated”’ patients with a 

history of angina could explain this difference 

(Appendix, table 2). It is possible that the 
subjective history of angina in this group of 

acutely ill patients was unreliable. 

Extension of Infarct or New Infarct 

Four patients in the “untreated” group 

showed either extension of a fresh infarct upon 

an older infarct or a completely new infarct in 
association with an older one, in either case 

suggesting a recent extension of the coronary 

thrombosis with further vascular occlusion. 

Five of the “treated” group (4 on adequate 

dicumarol therapy) showed similar extension. 

In every instance, whether or not the patient 

received anticoagulant drugs, extension was 

always associated with profound calcification 

of the arteries, the lumina often being so nar- 

rowed as to be imperceptible on dissection. 

Thrombophlebitis 

The venous channels of the legs are a well- 

known focus of emboli in patients with myo- 

cardial infarction. Although dissection of the 

calf veins was not carried out in the present 

study, 6 of the patients in the “untreated” 

group (8 per cent) had thrombosis of the in- 

ferior vena cava or the iliac veins. No instance 

of thrombosis of these vessels was found in the 

“treated” group (P = .01-.001)."* In 5 of the 6 

patients with venous thrombosis, multiple or 
massive pulmonary emboli were found at au- 

topsy. Anticoagulants seemed highly effective 

in preventing thrombophlebitis and subsequent 

disastrous emboli. 

Complications of Therapy: Hemorrhage, Rup- 

tured Ventricle, and Hemorrhagic Pericarditis 

Table 7 summarizes the data in regard to 

hemorrhage. Of interest was the occurrence of 

hemorrhage in the “untreated” group. At 

autopsy, 5 (6.6 per cent) of the “untreated” 
group showed gross evidence of hemorrhage, 

while a sixth had severe nosebleeds when alive. 

Serious significance was ascribed to hemorrhage 

from duodenal ulcer in 1 of the ‘untreated’ 

TaBLE 7.—Incidence and Site of Hemorrhage 

161 Patients Dying with Myocardial Infarcti 
Classified by Treatment Categories 

Site of Hemorrhage | “Treated” a 

Esophagus Leona 

Gastritis or superficial ulceration 
Duodenal ulcer. Es 

Pulmonary infarcted areas 

Renal. ee 

Cerebral (gross hemorrhage) 

Multiple—large bowel, small bowel, 
medulla, bladder 

Ruptured ventricle 

Hemorrhagic pericarditis 

Fibrinous pericarditis 

* Responsible for patient’s death. 

None of the differences is statistically significant. 

patients, and to a cerebral hemorrhage in a 

second. Seven of the patients receiving dicuma- 

rol (9.2 per cent) showed evidence of gross 

hemorrhage. In | patient with gastric bleeding 

and a second with gross hematuria, the diag- 

nosis was made clinically, and the drugs were 
discontinued. Microscopic hematuria often oc- 

curred with adequate anticoagulant therapy 

and was not regarded as a contraindication to 

the drug. Death was ascribed to hemorrhage in 

1 “treated’”’ patient. Massive bleeding was 

noted in the medulla, the large and small bowel, 

and the bladder. These hemorrhages were not 

detected clinically, nor was the prothrombin 
concentration excessively low during life. 

There is no statistical significance between the 

occurrence of hemorrhage in the “untreated” 

and “treated” group. 
Five patients in the “untreated” group (6.6 

per cent) and 6 receiving dicumarol (7.9 per 
cent) died with rupture of the left ventricle. 

One patient in each group was found to have 

hemorrhagic pericarditis without obvious rup- 

ture. A higher incidence of fibrinous pericard - 
tis without gross hemorrhage or rupture, hov - 

ever, was found in the “treated” group, 7 suc 

instances being found in the “treated”? grou 

while 2 were found in the “untreated”? (P 

.1—.05). 

DiscussION 

The 2 groups were similar in regard to ag 

heart weight, and duration of illness. The 
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e likewise no significant differences in 

wd to race, obesity, congestive failure, 

or arrhythmia, shock, previous infarction, 

nsion of infarction, aneurysmal dilatation 

the ventricles, or hemorrhage. Excluding 
oli, the primary causes of death were similar 

the 2 groups. Furthermore, even though 

| re were observed differences in regard to sex, 

betes, and history of hypertension, the ef- 

iveness of anticoagulant therapy in reducing 
lic complications was not modified by 

se differences. We assume that the associa- 

| between angina and diminution in emboli 

s fortuitous. 

(he incidence of thromboembolic complica- 
is in the 2 groups stands in sharp contrast 

these fundamental similarities. The total 

nber of emboli, the incidence of emboli as a 

primary cause of death, and the incidence of 
mural thrombosis were all reduced by adequate 
specific therapy until they were no longer 

major factors in the over-all mortality. 
The present series of autopsied patients em- 

phasizes the observation that patients seriously 

ill with myocardial infarction are prone to 

thromboembolic complications. These data 

confirm the observations of Hellerstein and 

Martin,'® who studied a group of autopsied 

patients not receiving dicumarol. They found 

an incidence of 26 per cent serious or fatal 

emboli. Miller and co-authors,'® studied a 

similar group and found fatal thromboembolic 
complications in 14 per cent of their cases. In 

the collected autopsy series of Wright, Marple, 

and Beck® the extra cardiac complications of 
myocardial infarction were reduced from 125 

per 100 cases in the “untreated” to 45 per 100 

patients given anticoagulants. Burton® noted a 

reduction in emboli from 62 per cent of the 

“untreated” to 10 per cent of the “treated” 

cases. Gilchrist and Tulloch® found thrombo- 
elbolie complications 234 more frequent in 

the “untreated” than the “treated” group. In 

the present series, not only were the total 

ntmber of patients affected by emboli reduced 

w th anticoagulants, but also the incidence of 
fa al or serious emboli was markedly dimin- 

isl ed. 

Che present study indicates that anticoagu- 
lait therapy must be started early and used 

adequately in order to be effective. Inadequate, 

poorly planned therapy is no more effective 

in preventing emboli than no therapy whatso- 

ever. The time-mortality curve of fatal emboli- 

zation, the findings of fresh mural thrombi 
by the fifth day of symptoms, and the occur- 

rence of aneurysms containing old mural 

thrombi forming a nidus for propagation 

of a new thrombosis, emphasize the urgency 

of early anticoagulant therapy. These ob- 

servations theoretically justify the concomitant 

use of heparin and dicumarol on the initiation 

of therapy, since dicumarol is ineffective during 

the first few days of its use. 
There is an undue risk in waiting to make ¢ 

definitive diagnosis of myocardial infarction 

in doubtful or dubious cases. It is necessary 

only to recognize that the patient has a con- 

dition in which thromboembolic complications 

are a real hazard.'”-'" Without question, anti- 

coagulant therapy diminishes the disability 

and death associated with embolic complica- 

tions, not only in patients with myocardial 

infarction, but also those without infarction 

whose clinical status is otherwise similar. 

Russek and co-authors”’:*! have recom- 

mended that patients on admission to the 

hospital be classified according to ‘“‘good’’ or 

“bad risk” categories, reserving anticoagulant 

therapy only for the latter group. Schnur? has 

shown that the response to any type of ther- 

apy in myocardial infarction, insofar as reduc- 

tion in mortality is concerned, varies with the 

severity of the clinical status of the patient 

rather than the effect of any specific drugs. 

It is being recognized, however, that the prog- 

nosis of the patient cannot be made definitely, 
especially on admission to the hospital, par- 

ticularly for the first 48 hours.” In the present 
series many patients shifted from ‘‘good risk’’ 

to “bad risk” categories (table 2). The patho- 

logic data revealed the difficulties in such rigid 

clinical classification as well as the difficulty 

in diagnosing the atypical infarct or myocar- 

dial infarction associated with cerebrovascular 

accidents. 
The important condition for the clinician 

to consider is that the patient has a real risk 

of developing thromboembolism because of 

failure, shock, arrhythmia, or prolonged inac- 
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tivity. A definitive diagnosis of myocardial 

infarction is not of great moment at this early 

stage. Yet early treatment is life-saving, since 

half of the patients with embolic complications 

die within 10 days of the onset of the symp- 

toms of myocardial infarction. 

The difficulty in accurate clinical diagnosis 

of emboli observed in the present series of 

cases has been noted by Hellerstein and Mar- 

tin,’ Wright and associates,> and others. 

This difficulty must be considered when it is 

stated that clinically emboli are uncommon 

in patients with myocardial infarction.' 

Emboli were more frequent in the present 
series in patients of older age (fig. 4). Neverthe- 

less emboli were present in every age category, 

a finding confirmed by others. It is not un- 

expected, therefore, that the reduction in em- 

boli in the present series and that of Wright 

and associates’ was the most striking in pa- 

tients past 60 years of age. Nevertheless, 

thromboembolic disease, a hazard at all ages, 

is largely preventable; youth per se therefore 

should not be a contraindication to the use of 

the drugs. 

In the present series intracardiac mural 

thrombi were definitely diminished by ade- 

quate anticoagulant therapy. Hellerstein and 

Martin" noted mural thrombi in 41 per cent 

of 160 patients not receiving dicumarol. Jordan 

et al.2> found mural thrombi in the left ven- 

tricle in 33 per cent of 327 patients. In Bean’s 

series” of 300 autopsied patients the incidence 

was 47 per cent. 

The few large series comparing the incidence 

of mural thrombi in “untreated” patients and 

those receiving dicumarol, have all shown a 

reduction in the number of mural thrombi 
under adequate anticoagulant therapy. Wright 

and associates’ found mural thrombi present 

in 63 per cent of the “untreated” and 33 per 
cent of the “treated” cases. Burton’s series,® 

collected from a single source, showed mural 

thrombi in 69 per cent of the “untreated’’ 

cases and 43 per cent of patients receiving anti- 

coagulant therapy. Howell and Kyser,’ and 

Gilchrist and Tullock* noted reduction in 

mural thrombi and subsequent emboli in 

patients on anticoagulant therapy. 
In the present series adequate anticoagulant 

therapy failed to prevent the extension of the 

infarct or a new thrombosis in the corona: y 

circulation. In the entire group with this con - 

plication, sclerosis was of such intensity th: t 

the drug appeared ineffectual. The failure « f 

adequate anticoagulant therapy to prevei 

extension of infarction in the presence of seve 

atherosclerosis has been confirmed by the a 

topsy studies of Wright, Marple, and Bec! 
Thrombophlebitis of the venous channels 

the extremities was diminished with anticoa 

ulant therapy, no single instance being not: 

in the “treated” group. Five of the 6 patie 

with this complication in the “untreate: ’ 
group had emboli. One of the chief contrib 

tions of anticoagulant drugs may well be th 

effect on venous thromboses, which are so cor | 

monly associated with cardiac disease. 

The incidence of hemopericardium and ru 

ture was higher in Wright’s series of patients 
receiving dicumarol than in his “untreated” 

group.> Similar observations were made hy 

Waldron and _ co-authors.** Goldstein and 

Wolff found hemopericardium associated 

with fibrinous pericarditis in patients receiving 

dicumarol for myocardial infarction. Anderson 

and co-workers,?* however, reported similar 

findings in | patient not receiving dicumarol. 

Dicumarol has produced hemopericardium 

when given after myocardial trauma,” and 

in patients with nonspecific pericarditis.*>:~ 

In the present series, small areas of focal 

hemorrhage were usually observed with exuda- 

tive fibrinous pericarditis. In the 2 cases of 

frank hemorrhagic pericarditis, however (table 

7), the area of fibrinous pericarditis was |o- 

calized and well circumscribed. 
The incidence of hemorrhagic complications 

is low, in most series.*:® In our opinion the 

increased risk of hemorrhage, of hemorrhagic 

pericarditis, and of rupture of the ventricle 

is less than the benefit to be obtained with 

the judicious use of these drugs, provided 

there is adequate laboratory control and clin- 

ical awareness of the risk their use entails. 
The present communication indicates th it 

the chief purpose of anticoagulant therapy 1 

acute myocardial infarction is the prevention 

of the thromboembolic disease that often 
accompanies the infarct. In this role, an i- 
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gulant drugs serve a useful purpose largely 

‘ontrolling this serious complication. Their 

should‘ not divert the clinician from the 
i blems of shock, failure, and arrhythmia, 

- ich together play a more decisive role in 

final outcome of the patient. 

SUMMARY 

\utopsy records of 151 patients dying of 

: ocardial infarction in a large private hos- 

al were reviewed. Seventy-six patients re- 
ved anticoagulant therapy, and 75 patients 

il not. Embolic phenomena were of common 

‘urrence in patients dying with myocardial 
in aretion. Clinically, these were often over- 

‘ked. The utilization of anticoagulant drugs 

‘luced strikingly the incidence of embolic 

complications from 41 per cent in the “un- 
treated” series to 9 per cent in the “adequately 

treated” group. Emboli responsible for the 
death of the patient, as judged by the pathol- 

ogist, were reduced from 21 per cent in the 

“untreated” group to 4 per cent in patients 

receiving adequate therapy. Inadequate, de- 

layed or poorly planned therapy afforded the 

patients no protection from this complication. 

Thrombophlebitis was markedly diminished 

in “treated” patients, and fewer mural thrombi 

were found in patients who received adequate 

therapy. Extension of the infarct or a new 

infarct was uninfluenced by anticoagulant 

drugs. 

Hemorrhage in the present series was not a 

significant cause of death. Rupture of the 

ventricle was noted to occur in both groups 

regardless of therapy. 

The patients could not be rigidly classified 

on admission to the hospital in regard to their 

eventual prognosis. This observation, plus 

the difficulty of diagnosis and the unpredict- 

ability of the disease, confirmed the inference 

that the decision to use anticoagulant therapy 

s} ould not be dependent upon rigid diagnostic 

citeria for infarction. The benefit to be ob- 

ti ined from these drugs during the acute phase 
0! illness can be ascribed to the prevention of 

tl romboembolic complications. The indication 

fcr their use is a clinical condition in which 

tlromboembolism is a real hazard. In this 

role they are a useful adjunct in the treatment 

of myocardial infarction. 
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SUMMARIO IN INTERLINGUA 

Es revidite le protocollas autoptic de 151 

patientes morte ab infarcimento myocardiac in 

un grande hospital private. Septanta-sex pa- 

tientes recipeva therapia anticoagulants; 75 

non. Phenomenos embolic esseva de occurrentia 

commun in patientes moriente ab infarcimento 

myocardiac. Illos escappava frequentemente al 

observation clinic. Le utilisation de drogas anti- 

coagulante reduceva le frequentia de complica- 

tiones embolic frappantemente ab 41 pro cento 

in le serie “non tractate” a 9 pro cento in le 

serie ‘‘a tractamento adequate.’’ Embolos con- 

siderate per le pathologo como responsabile pro 

le morte del patiente esseva reducite ab 21 pro 

cento in le gruppo “‘non tractate” a 4 pro cento 

in le gruppo ‘a tractamento adequate.” 

Cursos de therapia inadequate, retardate, o 

mal planate non protegeva le patiente contra 

iste complication. Thrombophlebitis esseva 

marcatemente reducite in patientes ‘‘tractate,”’ 

e minus thrombos mural esseva trovate in 
patientes qui recipeva therapias adequate. 

Extension del infarcimento o disveloppamento 
de un nove infarcimento non esseva influentiate 

per drogas anticoaguiante. 

In le presente serie hemorrhagia non esseva 

un significative causa de morte. Ruptura del 

ventriculo occurreva in ambe gruppos sin 

reguardo al uso o non-uso del therapia. 

Le patientes non poteva esser classificate 

strictemente secundo lor ultime prognose al 

tempore de lor admission al hospital. Iste ob- 

servation, insimul con le difficultate del 

diagnose e le inpredicibilitate del morbo, sup- 
portava le conclusion que le decision de usar 

drogas anticoagulante non debe depender de 

stricte criterios diagnostic pro infarcimento. 

Le beneficio obtenibile ab iste drogas durante 

le phase acute del morbo pote esser ascribite al 

prevention de complicationes thrombo-em- 

bolic. Lor uso es indicate si le condition clinic 
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es de natura a render le disveloppamento de 

thrombo-embolismo un ver hasardo. In tal 

casos illos es un utile adjuncto al tractamento 

de infarcimento myocardiac. 
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APPENDIX TABLE 2.—Association of Diagnostic Categories, Sex, 

‘aBLE 1.—Association of Thromboembolism, Treat- and Presence or Absence ¢ Angina 

m it Category, and Clinical Characteristics of the | item 

Sc nple ie ; a Diagnostic Category “Treated” | TER 

= 

| 

= sascmstecioccesnanaatbaeiia 

| Diagnosis | Diagnosis 
. A Missed 

Thromboembolism = Laietataeca 

| Preesnt Absent |Present Absent 

Male Female Angina | | | = 
| 3 oo) | 9| 7 2 

Sex | Absent | | 13 | 20 | 10 

Treated”’ adequately . | reg —_——_—— 

Treated”’ inade- 

quately 

Untreated’’. . 

Diabetes 

. Diabetes 

Treated’? adequately . | 
Treated”’ inade- 

I osc «8 wave) ; 10 

Untreated’’. .... ae 14 | 22 | 30 

Hypertension |No Hypertension 

'. Hypertension 

(History or Finding) 

“Treated’’ adequately . | 
“Treated” inade- 
GURTOLY ...5.cc i cs 

“Untreated’’. . 

. Angina 

“Treated”’ adequately .| 

‘““Treated”’ inade- 

quately. . 

“Untreated”’ 



The Physiologic Effect of Contrast Media 
Used for Angiocardiography 

By Greorce G. Rowe, M.D., Joan H. Huston, M.D., H. Tucuman, M.D., 
GreorGE M. Maxwett, M.D., Arvin B. Wernstein, M.D., ano 

CuHarLEs W. Crumpton, M.D. 

The deaths from angiocardiography at Wisconsin General Hospital were reviewed and found to be 
two per cent of 249 patients. These 5 deaths are reported briefly. Investigation was carried out to 
determine the hemodynamic effects of contrast substances on 12 dogs. In general, there was a tem- 
porary increase in right atrial and pulmonary arterial pressure followed by a rather marked decrease 
in systemic arterial pressure and tachycardia. The significance of these findings is discussed in rela- 
tion to shunts within the heart or between the aorta and pulmonary artery. 

EATH following administration of a 

contrast substance for the purpose of 
angiocardiography leaves an indelible 

impression upon the clinician and radiologist. 

Several investigators have evaluated this 

problem as related to specific angiocardio- 

graphic contrast substances and considerable 

experimental work has been done. It has been 

shown that Diodrast in high concentration 

produces an increase in the heart’s force of 

contraction! and an increase in coronary blood 

flow in the isolated rabbit heart.? In dogs, 

Diodrast given intravenously in doses equiva- 

lent to those used in clinical angiocardiography 
produces a fall in peripheral arterial pressure, 

a rise in heart rate, an increase in venous pres- 

sure and transient changes in the QRS complex 

From the Cardio-Pulmonary Research Labora- 

tory and the Department of Medicine, University of 

Wisconsin Medical School and the University Hos- 

pitals, Madison, Wis. 
This investigation was supported in part by grants 

to the Cardio-Pulmonary Research Laboratory of the 

University of Wisconsin from the Wisconsin Heart 

Association and the National Heart Institute, Na- 

tional Institutes of Health, U.S.P.H.S. 

This work was done during Dr. Rowe’s tenure of a 

Research Fellowship of the American Heart Asso- 
ciation, and Dr. Huston’s tenure of a Research Fel- 
lowship of the Wisconsin Heart Association. Dr. 
Tuchman was a Heart Trainee of the National 

Heart Institute, National Institutes of Health, 

U.S.P.H.S., 1955. 
The Neo-iopax used in the study was supplied by 

the Schering Corporation of Bloomfield, New Jersey; 

Diodrast was given by Winthrop-Stearns, Inc. of 

New York City; the Mallinckrodt Chemical Works of 

St. Louis donated the Urokon. 

and T wave of the electrocardiogram.’ Tie 

permeability of the cerebral vessels to tryp:.n 

blue is increased in rabbits after the intra- 
carotid injection of Diodrast and _petechial 
hemorrhages may occur in the brain.‘ Con- 

vulsions have been produced by intracarotid 

injection of Diodrast.':* The injection of 
Diodrast into peripheral arterial vessels pro- 

duces dilatation.! Investigations in patients 

given Diodrast have shown a fall in systemic 

arterial blood pressure®:* and frequent elec- 

trocardiographic changes.” * Neo-iopax in high 

concentration has been shown to decrease the 
output of the heart-lung preparation' and to 

depress the isolated rabbit heart. Frequently 
following this initial depression in cardiac 

function, there occurred an improvement that 
went beyond the control level':® and was 

attributed to the coronary vasodilatation with 

increased myocardial blood supply.! Respira- 

tion increased in rate and amplitude after 

Neo-iopax, unless the dosage was very high and 

then depression occurred. When given rapidly 

through the carotid artery, apnea, convulsions 

and death could be produced by Neo-iopax.! 
Thrombosis may be produced in vessels into 

which this substance is injected." In  °t'ents 

undergoing angiocardiography with Neo-iopax, 

marked hypotension frequently occurs and 
electrocardiographic irregularities have been 
reported.’ Intravenous injection of Uroko., 

in large doses, produces hyperpnea, vomitin :, 

defecation, convulsions, collapse and sometim 's 

death.'° 
Deaths following angiocardiography ae 

Circulation, Volume XIII, June, 1 56 
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, ost common in patients with congenital heart 

| sease of the cyanotic variety,’ ?» and vary 

‘atly in incidence from one individual’s 
» perience to another’s. Dotter and Jackson” 
» ported that, in two large series of angio- 
rdiographic examinations, totaling 2,500 

nsecutive studies, no deaths occurred. Data 

‘ |leeted by these authors” from Sweden 
vealed one death in approximately 450 
idies. Morgan reported 6 fatalities in 600 

a giocardiograms,'* Dimond and Gonlubol, 2 

iaths in 100° angiocardiograms,“ and 
negie,!® 4 deaths in 172 cases. 
Since deaths are more common in patients 

th cyanosis and since cyanosis due to shunts 

is dependent upon the dynamics in both right 
aid left sides of the heart, the present study was 

idertaken to investigate simultaneously the 
‘fects of contrast substance on the right and 

it sides of the heart. 

MeETHODS AND MATERIALS 

All the cases of fatal reaction to angiocardiography 
in the University Hospitals were reviewed. Four 
cases who died at the time of angiocardiography or 
in the succeeding 24 hours were accepted for study. 
One additional case (number 1), in whom there can 
be no reasonable doubt concerning the etiologic rela- 
tion of contrast substance, was included even though 
death occurred five days after the angiocardiogram. 

Angiocardiography is performed in this institu- 
tion with the patient in the recumbent position. One 
milliliter of contrast substance is given intravenously 
as a sensitivity test and the procedure is completed 
only if no adverse reaction occurs. When required, 
a minimal effective concentration of anesthetic 
agent is given by the open-drop method. Angio- 
cardiograms have been performed 283 times in 249 
patients with 5 deaths apparently resulting from 
the procedure. Neo-iopax is the substance custo- 
marily used in this hospital and was used in all the 
fatal cases. The fatalities occurred in 3 patients with 
atrial septal defects, (one isolated and 2 compli- 
exted), one with rheumatic mitral disease, and one 
w th tetralogy of Fallot. Regardless of the outcome, 
injection of the radiopaque material frequently pro- 
dices a profound reaction characterized by cu- 
» neous flushing, tachycardia, and a varying period 
apnea followed by hyperpnea. In case 1 this reac- 

in was quantitated by determining pulmonary 
| brachial artery pressures during the angiocardio- 
im. A brief summary of each fatal case is ap- 
aded. 
[n the experimental study 12 mongrel dogs weigh- 
8 to 24 kilograms were anesthetized with 3 mg./ 

Kg. of morphine followed, in one hour, by 12 mg./ 
Kg. of sodium pentobarbital. The external jugular 
vein was exposed and Goodale-Lubin cardiac cathe- 
ters were inserted into the right atrium and the 
pulmonary artery. A needle was placed in the 
femoral artery and a cannula was tied in a peripheral 
vein of an anterior extremity. The blood pressures 
were transmitted through short flexible plastic 
tubes to Statham strain gages and recorded by the 
Sanborn Poly-Viso. Simultaneous pressures were 
recorded from the pulmonary artery, right atrium 
and femoral artery. Mean blood pressures were de- 
termined by planimetric integration of the pressure 
tracings. An electrocardiogram was recorded con- 
tinuously during the experimental study. After a 
short control observation, each dog was given 1 ml./ 
Kg. of physiologic saline solution, 75 per cent Neo- 
opax, 70 per cent Diodrast or 70 per cent Urokoni 
rapidly intravenously. Each of these agents was 
administered, after the total demonstrable effect of 
the preceding injection was completed. Use of each 
of these agents in each animal is believed impor- 
tant, since the response is, to a degree, an individ- 
ual matter; being either more or less pronounced to 
all substances in certain animals. The sequence of 
administration of the four substances was varied 
from animal to animal in an attempt to minimize 
any influence of a prior injection on the effect of 
each substance. A limited number of observations 
were made with the injection of contrast substance 
into the pulmonary artery through a no. 9 cardiac 
catheter. In an attempt to find a control for effects 
due to the viscosity of the contrast substances, ob- 
servations were made following the injection of 1 
ml./Kg. of 50 per cent glucose into the pulmonary 
artery in 2 dogs. Even though the viscosity of all 
these substances may not be identical, for this pur- 
pose they seemed similar enough and the pharma- 
cologic effect of 50 per cent glucose is certainly 
most evident after its passage through the great 
vessels and dissemination in body tissues. 

RESULTS 

The results of the experimental study are 

summarized in table 1 and diagrammed in 

figure 3. Figure 1 illustrates a mild response to 

the injection of Neo-iopax into a peripheral 

vein and figure 2, a more pronounced response 

with nodal bradycardia on injection of Neo- 

iopax through a cardiac catheter into the 

pulmonary artery. 
The administration of saline solution pro- 

duced no significant changes. All contrast sub- 

stances, however, produced rather marked 

responses that were similar but less pro- 
nounced, when injection was in a peripheral 

vein, compared with Neo-iopax injection into 
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Fig. 1. This tracing shows a rather mild response to injection of 1 ml./Kg. Neo-iopax into the 

peripheral vein of a dog. Planimetric integration of the area beneath the pressure curve revealed 

no significant change in right atrial pressure possibly because of the effects of inspiration indicated 

by the arrows. The pulmonary arterial mean pressure rose from 10 mm. Hg to 13 in 10 seconds, then 

to 14 in 25 seconds and finally returned to 11 mm. Hg at 70 seconds and 3 minutes. Changes in systemic 
arterial pressure are obvious to the unaided eye. 
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Fic. 2. A much more pronounced change produced by injection of 1 ml./Kg. of Neo-iopax into 

the pulmonary artery of a dog. The electrocardiogram, upper line, revealed a sinus pause followed by 

a ventricular premature contraction, several nodal beats and return to sinus rhythm. The dynamic 

effects on pressure are clearly revealed. 

the pulmonary artery. In 2 dogs with surgically 

created, atrial septal defects, the hemodynamic 

responses did not differ from those of normal 
animals. 

The cardiac rate generally slowed transiently 

shortly after administration of the substance, 
then accelerated significantly (p < 0.05- 

< 0.01) to a maximum in 25 to 70 seconds; 

over an interval of several minutes, it returned 

to the control level. The slowing was variable 

and frequently of such short duration (several 

beats) that the rate counted over 10 seconds 
did not decrease significantly. In some in- 
stances, marked bradycardia with nodal rhythm 

occurred almost immediately. This response 

seemed to be an individual variation, and 

tended to be reproducible in the dogs in which 
it occurred. 

The usual effect on respiration was marked 

hyperpnea, which produced inspiratory de- 

creases in the right atrial pressure. In spite of 

this respiratory effect, the average mean right 

atrial pressure was elevated 0.4 to 1.0 mm. 

after the injection of the contrast substances 

and fell during the following three minutes 

to the control level in most instances. The 

right atrial pressure fell 0.2 to 0.9 mm. Hg in 

five instances, remained unchanged in 2 cases, 

and rose 0.2 to 7.6 mm. Hg (average +1.7 

mm. Hg) in 32 instances (82 per cent). The 

most significant datum, the true relation of 

right to left atrial pressure, is not shown. 

Since, normally, all intracardiac pressures are 

decreased during deep inspiration, small ris 2s 

in right atrial pressure or even failure to fe \l, 
may be significant under these circumstance s. 
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Fia. 3. Effect of contrast substance on A, heart rate; B, mean right atrial pressure; C, mean pul- 
monary arterial pressure; D, mean femoral arterial pressure. Graphs of the responses shown in table 

1. Neo-iopax was injected into a peripheral vein and into the pulmonary artery, with a more marked 

response to delivery into the pulmonary artery. 

The pulmonary artery pressure was subject turned to the control level by the end of the 

similar respiratory variation, but showed 
(atistically significant elevation (p < 0.05- 

0.01) subsequent to administration of each 

the contrast substances. An increase oc- 

rred in each instance, the range being +1 

+11 mm. Hg, with an average of +4 mm. 

x, This elevation occurred slightly after that 

right atrial pressure and often had not re- 

three minute period of continual pressure 

recording. This should be compared to the 

pulmonary arterial pressure response in case 1, 

whose systolic rose 27 mm. Hg and whose 

diastolic rose 20 mm. Hg. 

Femoral arterial pressure, on the other hand, 

showed no change during the early postinjec- 
tion phase. A considerable fall in peripheral 
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TaBLE 1.—Hemodynamic Response to Injection of Contrast Substances in Dogs 

| 

Heart Rate 

| 
Substance Injected 

Control] 
| Control 

90 | 90|—0.9| 
+33 |434/41. 
118§| 99|—2. 
+34 |436/+2. 

97§| 87|—1.: 
+19 |422/41. 

94°} 80/—1.: 
+30 |-+25/+1.4) 
119°} 100|—1.8) 

+29 |+20'+2.6 

| Ave. 84) 90 

8.D. |431/+28)+30 

Ave. 91) 84) 128§ 

8.D. 438 +41/+32 

Ave. 81} 79) 94] 

8.D. |421/+17/+24 

Ave. 80' 80) 76 

8.D. |+35)/+28/+26 

Ave. 91; 43) 97 

8.D. 

Saline* 

8 obs. in 8 dogst 

Neo-iopax* 

12 obs. in 12 dogst 

Diodrast* 

9 obs. in 7 dogst 

Urokon* 

6 obs. in 3 dogst 

Neo-iopaxt 

6 obs. in 3 dogs* +36 +14/+60 

* Injected into peripheral vein. 

+ Injected into pulmonary artery. 

t Number of observations and number of dogs. 

§ = p < 0.01. 

| = p < 0.02. 

° =p < 0.05. 

arterial pressure occurred at approximately 25 

seconds, accompanied with, and followed by, 

persisting tachycardia. Because the peripheral 

arterial pressure did not always return to 

normal by the end of the three minutes, it was 

sometimes necessary to delay the next injection 

until pulmonary and systemic artery pressure 

returned to the control levels. These changes 

in right atrial and pulmonary artery pressures 

were similar with injection of 50 per cent glu- 

cose, and are therefore attributed, at least 

partially, to the physical characteristics of the 

solution. In one instance, rapid administration 

of 50 per cent glucose into the pulmonary 
artery produced transient nodal bradycardia. 

The 50 per cent glucose produced no remark- 
able effect on peripheral arterial pressure, the 

hypotensive changes produced by the contrast 

substances are therefore presumed to be a 

pharmacologic effect. 

CasE REPORTS 

Case 1. This 50 year old woman was admitted to 
the hospital for consideration of mitral valvulotomy. 
A heart murmur and mild exertional dyspnea had 
been present for 30 years, but progressive congestive 
failure began six months prior to hospitalization. 
Physical examination revealed moderately severe 
congestive failure and cardiomegaly with systolic and 
diastolic apical murmurs. The electrocardiogram 
showed right ventricular hypertrophy. 

Subsequent to therapy with relief of the conges- 
tive failure, cardiac catheterization with a no. 9 
catheter revealed the pulmonary artery pressure to 

Mean Right Atrial Pressure 
(mm. H, 

Mean Pulmonary Artery Mean Femoral Artery 
g) Pressure (mm. Hg) Pressure (mm. Hg) 

Control 
| Control 

89 | 92 
|$15/-17 [415 |+16/+18 
| 100} 86 | 78§ | 96) 103 
+19/+28 |422 |+21/+18 

6§ | 78 96} 100 | 77§ | 89| 97 
8)2.1/+2.6) +2.5/4+3.3/411) +8 +18 (+10/+11 

11° |} 10 | 10 | 9 | 96] 102| 91 | 94] 923 
+2.5)+1.8) +1.7/+1.3| +9/+17 pelt |:15 +14 
oe 10° | 8° | 116 638) 75° | 10€| 116 

+6 (+7 [410 [48 |+26)+19 |434 

8 7 8 é 91) 

+3 

9$ 

+4 (43 

14-93] -+95 

be 115/52 and the mean “wedge” pressure 25 mm. 
Hg. Through this catheter 40 ml. of 75 per cent 
Neo-ipoax was injected manually as rapidly as pos- 
sible into the right pulmonary artery in an attempt 
to outline the left side of the heart without overlying 
right-sided opacification. An immediate severe reac- 
tion occurred with cough, dyspnea, tachycardia, and 
marked apprehension. The brachial artery pressure 
(directly recorded) fell from 116/77 to 54/36 and 
then rose to 160/116, while the pulmonary artery 
pressure fell from 120/53 to 87/67 and then rose to 

147/73. With coughing the pulmonary artery 
systolic pressure exceeded 210 mm. Hg. One hundred 
per cent oxygen therapy was immediately adminis- 
tered, but progressive dyspnea continued. Numerous 
rales in the right lung were noted followed by signs 
of consolidation and a friction rub over the right 
lower lobe. The angiocardiogram showed the Neo 
iopax to remain in the right pulmonary artery 
throughout the 20 second sequence of films. A sub- 
sequent chest film showed massive edema of the 
right lung with congestion of the left lung unchanged 
from its appearance prior to catheterization. The 
patient’s course was that of progressive deterioration 
and she died five days after angiocardiography. 

At postmortem examination, the right lung 
weighed 1,450 Gm. and there was a diffuse fibrinous 
exudate overlying the hemorrhagically infarcte:! 
upper, middle and lower lobes. The heart weighed 
380 Gm. The pericardium over the right atriw 
showed a fibrinous deposit that was seen to overlie a 
antemortem thrombus. Near the clot in the righ 
atrium was a small round subintimal hemorrhag: 
The right ventricular myocardium measured 0. 
cm. in thickness and the left 1.5 em. Atheroscleroti 
plaques were present in the pulmonary artery. T! 
mitral valve was a rigid, calcific slit 12 mm. lon 
and 2 mm. wide with calcium extending from tl 
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“lve into the chordae tendineae and _ papillary 
) uscles. 

Case 2. A 12 month old, 15 pound white female, 
a \mitted to the hospital for diagnostic evaluation of 

ngenital heart disease thought to be an atrial 
s ptal defect. She had had repeated respiratory 
i fections but no cyanosis. Physical examination 

vealed bulging of the precordium with a well- 
arked bilateral Harrison’s sulcus. The cardiac im- 
ilse was 1 em. outside the midclavicular line and 
systolic thrill was palpable near the third left 
iondrosternal junction. A harsh systolic murmur 
as heard over the entire precordium with trans- 
ission to the left axilla and the interscapular region. 
Cardiac fluoroscopy revealed that the heart was 

cailarged, the enlargement being predominantly of 
tie right chambers with elevation of the apex above 
tae diaphragm. Pulmonary vascularity was in- 
creased. The clinical diagnosis was congenital heart 
disease with a left-to-right shunt, but the location 
of this shunt could not be identified. 

Angiocardiography was done without difficulty 
under vinyl ether anesthesia, using 10 ml. of 75 per 
cent Neo-inpax. The patient was permitted to awaken 
from anesiliesia. The films were not satisfactory, 
however. Thirty minutes later anesthesia with 
vinyl ether was reinduced and a second angiocardio- 
gram was performed using 14 ml. of Neo-iopax. 
Respiration ceased almost immediately after in- 
jection of the contrast substance and no pulse could 
be found. Although artificial respiration was given, 
the patient did not recover. 

Permission for postmortem examination was not 
granted. The angiocardiogram was interpreted as 
heing compatible with an atrial septal defect. 

Case 3. A 7 month old, 11 pound boy, admitted to 
the hospital because of congenital heart disease. His 
history was that of repeated respiratory infections, 
chronic cough and cyanosis accentuated by crying. 

Physical examination revealed a grayish-blue 
cyanosis and slight clubbing of the fingers. There was 
precordial bulging. A systolic thrill and a grade 3 
systolic murmur were maximum at the left sternal 
horder in the third interspace. 

The electrocardiogram was normal. Cardiac 
fluoroscopy and x-ray film of the chest revealed that 
he heart was enlarged, both to the right and left. 
“he left atrium and the left ventricle were consid- 

crably enlarged. The pulmonary arteries pulsated on 
uoroscopy. 
Angiocardiography was performed at 2:15 p.m. 

i nder vinyl ether anesthesia giving 10 ml. of 75 per 
nt Neo-iopax. There was no immediate untoward 
action. At 3:30 p.m. his color was reasonably good; 
owever, at 5:00 p.m. his respirations were rapid 
nd irregular and oxygen therapy was started. By 
:00 p.m. he was gray and cyanotic, his legs were 
id and his temperature had risen to 103 F. At 
:00 p.m. the patient had rales in both sides of the 

chest with marked tachycardia and tachypnea. In 
spite of Digoxin and oxygen administration, and 
tracheal aspiration, the patient expired approxi- 
mately five hours after angiocardiography. 

X-rays films of the chest taken after death sug- 
gested acute congestive heart failure. Postmortem 
examination revealed 100 ml. of fluid in the pleural 
cavities. There was an atrial septal defect with 
anomalous pulmonary vein drainage into the right 
atrium. Right ventricular hypertrophy and slight 
pulmonary edema were present. 

Case 4. This 11 month old, 13 pound girl was re- 
ferred to the hospital because of occipital meningo- 
encephalocele, Klippel-Feil syndrome and congenital 
heart disease characterized by cyanosis and a heart 
murmur. Physical examination revealed generalized 
cyanosis. A grade 3 systolic murmur and a thrill were 
present in the second and third left interspace 
parasternally. The electrocardiogram was normal. 
The chest roentgenogram revealed gross cardiac 
enlargement predominantly to the left, with the left 
hemithorax almost completely obscured by the 
heart shadow. The pulmonary vascular markings 
were increased. An episode of congestive failure 
during hospitalization was successfully treated with 
digitalis and Mercuhydrin. 

An angiocardiogram was done under vinyl ether 
anesthesia with 10 ml. of 75 per cent Neo-iopax. 
However, the rate of injection was slow and the 
angiogram was unsatisfactory. After a delay of 10 
days the study was repeated under vinyl ether anes- 
thesia. This time a satisfactory angiocardiogram was 
obtained at 3:30 p.m. with 10 ml. of 75 per cent 
Neo-iopax. The films showed an atrial septal defect, 
but a completely satisfactory diagnosis was not 
established. At 4:30 p.m. a small amount of emesis 
was noted. At 6:00 p.m. the temperature was 102.6 
F. and the apical cardiac rate was 146. By 8:00 p.m. 
the fever had increased to 105 F. and marked 
dyspnea was evident. Oxygen was given without 
benefit and death occurred 12 hours after the ad- 
ministration of contrast substanec. Permission for 
postmortem examination was not obtained. 

Case 5. A 7 pound, 4 month old boy was admitted 
for evaluation of cyanotic congenital heart disease. 
Recurrent attacks of paroxysmal dyspnea with 
severe cyanosis had required morphine for their 
relief. On physical examination, the heart was found 
to be of normal size. There was a systolic precordial 
murmur. X-ray films revealed decreased pulmonary 
vascularity and elevation of the cardiac apex. An 
angiocardiogram was done to confirm the diagnosis 
of tetralogy of Fallot, since it appeared that the need 
for surgical intervention was urgent. Seven milli- 
liters of 75 per cent Neo-iopax was given rapidly, 
intravenously, and this was followed by immediate 
cessation of respiration and apparently asystole, 
since no heart beat could be heard for approximately 
three minutes. Artificial respiration was given. 
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When the heart began beating again its rate was 40 
to 50 per minute. The patient continued to have ir- 
regular respiration, periods of apnea and _ brady- 
cardia. Epinephrine, morphine, Coramine and 
digitalis were used without success; the baby died 
816 hours after angiocardiography, never having 
recovered from the initial reaction. Postmortem 
diagnosis was tetralogy of Fallot. The ductus ar- 
teriosus was partially thrombosed. 

DIscuUSSION 

Dotter and Steinberg’ and Howarth® have 

previously determined the effects of intra- 
venous injection of contrast substance on the 

peripheral arterial pressure and heart rate in 

man. Their findings are, in general, the same 

as those reported here, in that there tends to be 

a precipitous drop in systemic blood pressure 
accompanied by marked and apparently com- 

pensatory tachycardia. This effect would 

appear to be largely due to the vasodilating 
action of these agents.' Conclusive comparison 

of the physiologic properties of these different 

substances cannot be drawn from this number 
of observations. The demonstrated physiologic 

effects of Diodrast would not appear to justify 

the greater number of deaths reported subse- 

quent to its use compared to those reported 

after the use of Neo-iopax or Urokon. This, 

as stated by Dotter and Steinberg,’ appears 

to be related to the greater frequency of utiliza- 
tion of Diodrast compared to the other 

compounds. 
An atrial septal defect may be demonstrated 

angiocardiographically when evaluation by 

clinical means indicates only a left-to-right 

shunt. In a series of acyanotic patients with 

atrial septal defect who underwent cardiac 
catheterization in this laboratory and in whom 

the left atrium was catheterized, the left-to- 

right pressure gradient averaged +1.4 mm. Hg. 

In 40 per cent of our animal studies, injection 
of contrast media elevated the right atrial 

pressure 1.5 mm. Hg or more; even without 

a decrease in left atrial pressure due to deep 
inspiration such an elevation might be expected 

to reverse the usual gradient. 

The changes observed in pulmonary artery 

pressure would not seem to be clinically sig- 
nificant if they are of the same degree in the 

human subject as they are in the experimental 

animal. The one fatality in which hemodynami 
studies were performed during angiocardiog 
raphy (case 1) revealed marked elevation i: 

pulmonary artery pressure prior to the injec 
tion of Neo-iopax, and it became much highe 
after the injection. The response of th 

pulmonary arterial pressure may be relate: 

to already existing pulmonary vascular damag 

and to the capacity of the pulmonary arteriole 

to dilate, so as to permit a viscous substance 

to pass through them. In these animal experi 
ments, pressure increases were more marke 
in the right atrium and pulmonary artery whe 

the contrast substance was delivered direct} 

into the pulmonary artery. This presumably i 

due to the decreased dilution under suc! 
circumstances. 

Immediate death after angiocardiograph, 

may be related to right-to-left shunts whic! 

cause venous blood and contrast substance to 
enter the systemic vessels and precipitate fata! 

medullary depression.’ It would appear that 

our experimental observations support the 

shunt portion of this concept. The elevation oi 

right atrial pressure produced by administra- 

tion of a contrast substance may be sufficient 

to reverse a left-to-right interatrial shunt. 

Since the elevation in right atrial pressure may 

persist for 25 seconds, the reversed shunt might 

last for a comparable period. By the time the 

right atrial pressure has returned to normal, 
the contrast substance has produced a de- 

creased peripheral arterial pressure. This would 

tend to prolong and increase right-to-left 
shunting at the ventricular level or from the 

pulmonary artery to the aorta. In such condi- 

tions as tetralogy of Fallot, Eisenmenger’s 

complex, and patent ductus arteriosus or 

aortic window with pulmonary hypertension, 
the expected effect of the drop in peripheral 

arterial pressure might be a hazardous increase 

of the right-to-left shunt at the expense of the 

already reduced pulmonary blood flow. A fata! 
cardiac arrhythmia or central nervous systen: 

depression under such circumstances woul: 

not be surprising. 

Nearly all the angiocardiograms in thi 

series were done with Neo-iopax, and as alread 

noted, 5 deaths occurred with this substanc 
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) owing 283 angiocardiograms in 249 patients. 

s experience should be contrasted with 

}, 24 angiocardiograms collected by Dotter 
| | Steinberg in which 26 deaths occurred,’ 

incidence of 0.4 per cent. Included in this 

up were over 700 angiocardiographic studies 

1e with Neo-iopax by Dotter and Steinberg 

hout a death.? Many of the patients in the 

‘sent series were critically ill; in this regard 

er deaths in this hospital not included in 

| » series are of interest. One patient, anes- 

tized for angiocardiography, died before 

y contrast substance was given. Another died 

or to anesthesia during the exposure of a 

table vein for angiocardiography. Two others 

veloped cerebral thrombosis after the pro- 

lure, and subsequently died. It could not be 

stated unequivocally in either case that the 

thrombosis was precipitated by the angiocardi- 

ographic examination, although the capacity of 

Neo-iopax to cause thrombosis of vessels is 

well known." 

It is always difficult, with patients as ill as 

these, to determine the immediate factors pre- 

cipitating death, but those here reported seem 

to be clearly related to the angiocardiogram. 

Only in case 2 was death immediate, and it 

appears that fatal cardiac arrest must have 
occurred. Temporary cardiac arrest also oc- 

curred in case 5 and probably precipitated 

the fatal result. In case 1 there was massive 

infarction of the right lung, possibly due to a 

specific sensitivity reaction. The other 2 cases 

had terminal febrile episodes associated with 

dyspnea and pulmonary congestion suggesting 

either pulmonary edema from the contrast me- 

dium or acute cardiac failure. Failure may 

result from the degree of pulmonary hyperten- 

sion that occurred in case 1; however, since the 

pulmonary artery pressure was not measured in 
these patients, no causal relationship was 

established. In addition, petechial hemorrhages 

ir the brain similar to those described by 

*-oman and Olsson* may have occurred to 

plain the hyperpyrexia and pulmonary 

ema. Dissection of the central nervous sys- 
n was not performed in these postmortem 

e: uminations. 

CONCLUSIONS 

1. Five deaths subsequent to Neo-iopax 
administration for angiocardiography are 

reported. 

2. Experimental observations in dogs con- 

cerning the physiologic effects of several con- 

trast substances on heart rate, and pressure 

in the right atrium, pulmonary and femoral 

artery, are described. 

3. Each of these contrast substances may 
produce elevation in right atrial and pulmonary 

artery pressures followed by systemic hypo- 
tension and tachycardia. 

4. The effects of these alterations in the 
presence of abnormal circulation are discussed. 

SUMMARIO IN INTERLINGUA 

1. Es reportate cinque mortes post admin- 

istrationes de Neo-iopax in examines angio- 

cardiographic. 

2. Es describite observationes experimental 

in canes in re le effectos physiologic exercite 

per varie substantias de contrasto super le 
velocitate del corde e le pressiones dextero- 

atrial, pulmono-arterial, e femoro-arterial. 

3. Omne iste substantias de contrasto pote 

producer un elevation del pressiones del atrio 

dextere e del arteria pulmonar, sequite per 

hypotension systemic e tachycardia. 

4. Es discutite le effectos de iste alterationes 
in le presentia de un circulation anormal. 
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Oscillation-Free Ballistocardiography 

A Simple Technic and a Demonstration of Its Validity 

3y Irwin Horrman, M.D., Mitton Kissin, M.D., anpD Myron M. Scuwarzscuinp, M.A. 

Body motion resulting from cardiac forces may be recorded as displacement, velocity or accelera- 
tion by a variety of methods. None of these is identical with the cardiac force curve because of 
distortion due to body oscillations. Schwarzschild devised an electronic mixer that combines dis- 

placement, velocity, and acceleration in any proportion desired. This device permits recording 
ballistocardiograms that are free of oscillations due to body resonance. Validity of the technic 
was established by the identity of strain gage records of forces applied to a log phantom with simul- 
taneous records obtained with the method presented. 

UCH current basic research in ballisto- 
cardiography is devoted to methods 
that attempt to eliminate from the 

records the effects of body oscillations. Rap- 
paport' has summarized most of these technics 
and has introduced one of his own. These 
methods,!* in general, have in common the 

elimination or damping of the parasitic body 
oscillations in some manner by the bed or other 

apparatus that directly supports the body. The 

transducer then directly senses the oscillation- 

free motion, which can be recorded as displace- 
ment, velocity or acceleration. Another technic 
for obtaining “force” curves, which utilizes a 

conventional pickup, requires for each subject 

an individually prepared special electronic 

filter.4 

Schwarzschild® devised an aperiodic system 
that requires no special ballistocardiographic 

bed and uses the conventional coil and magnet 

transducer. This paper reviews Schwarzschild’s 

technic and presents evidence indicating that 

true force curves are recorded. The method is as 

follows: 

An uncorrected velocity curve is picked up by a 
Dock-type coil and magnet transducer (from which 
the condensers have been removed) and is fed 
into an electronic computer (fig. 1). Here the veloc- 
ity curve is integrated by one circuit to displace- 
ment and differentiated by another to acceleration. 
A third circuit combines the displacement, velocity, 
and acceleration in any proportion that the operator 
may select. 

With the sensitivity of the pick-up reduced to 

From the Departments of Physics and Medicine, 

B>th Israel Hospital, New York, N. Y 

10 per cent of normal, a measured footward force 
is applied to the shoulders and suddenly released. 
The effect is the same as the application of a con- 
stant headward force of the same magnitude and 
has the advantage of being easily measured. Natu- 
rally, if one were to record the body displacement, 
velocity or acceleration resulting from this single 
force, a series of waves would be observed. When 
the “mixed” circuit is used, however, a combina- 
tion of displacement, velocity and acceleration can 
readily be found that results in a single wave, that 
is, an oscillation-free record (fig. 2). 

Once the correct setting of the “mixed” circuit 
has been established for a given subject, the trans- 
ducer sensitivity is increased to normal and the 
ballistocardiogram recorded. The records thus ob- 
tained are believed to be free of oscillatory influ- 
ences, and closely resemble ‘force’ curves ob- 
tained by other methods. Figure 3 shows, for a 
normal subject, displacement, velocity and acceler- 
ation records, respectively, compared with the 
“force” curve as obtained with the Schwarzschild 
technic. 

Direct proof that this technic truly recorded 

force was sought. For this purpose, a heavy 

wooden log supported by rubber cushions was 

used as the phantom. A strain gage was used 

to measure forces applied to one end of the log, 

while the transducer was positioned so as to 

sense motion at the other end. Figure 4 shows 

the results obtained when the motion of the 

log was recorded as displacement (A), velocity 

(B), or acceleration (C). The lower record in 

each instance is the strain gage measurement of 

the forces applied. It is readily apparent that 

the curves are dissimilar. The force curve, 

sensed by the strain gage, is free of after-oscil- 

lations. 

Circulation, Volume XIII, June, 1956 
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Fig. 1. Circuit of the electronic computing system. 

The velocity input may be obtained from a velocity 

transducer directly, if the output of the transducer 

is high enough. With our pickup (made by Everett 

M. Hill, Ellsworth, Me., but with condensers re- 

moved) additional amplification is necessary, but is 

not shown on the diagram. The terminals marked 

D, V and A, when paired with G, yield voltages pro- 

portional to displacement, velocity and acceleration, 

respectively. The voltage of terminal M, when paired 

with G, is the ‘“‘mixed’’ output. The proportion of 

velocity and acceleration relative to displacement is 

determined by the settings of the potentiometers 

marked ‘‘velocity factor’”’ and ‘“‘acceleration factor.”’ 

At this point, the Schwarzschild technic wa 
applied to the log phantom and a setting wa 

determined for the “mixed” circuit whic! 

eliminated oscillations. Comparison was the: 

made between the strain-gage force record an: 

that obtained with the technic being tested 

Figure 5A illustrates the determination of th 

proper setting. The ‘‘mixed”’ circuit curve i 

above and displacement, below. In figure 55 
the mixed circuit record (above) was recorde: 

simultaneously with the strain gage recor 

(below) of forces applied to the log phanton 

The virtual identity of the two curves is at onc 
obvious. 

SUMMARY AND CONCLUSIONS 

1. Oscillation-free ballistocardiograms may 

be obtained with conventional equipment plu 

a special electronic circuit. Tracings thus ob 

tained closely resemble “‘force”’ curves obtaine« 
by other technics. 

2. Application of this method to a log phan- 

tom yielded force curves identical with those 
obtained by strain-gage measurement of the 

actual forces applied to the log. 

Fig. 2. Adjustment of the ‘“‘mixed”’ circuit to yield oscillation-free records from a normal human 
subject. Transducer sensitivity reduced to 10 per cent of normal, which renders the cardiac ballistic 

curve vestigial, but still visible. A, velocity above, ‘“‘mixed”’ circuit below, prior to adjustment. B, 

same, except that changing the proportions of displacement, velocity and acceleration has eliminated 

oscillations from the ‘‘mixed”’ circuit record. (Condenser coupling in the amplifier causes the slow 

return to the base line.) 
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Fic. 3. Comparison of oscillation-free ballistocardiogram of a normal human subject (below) 
with displacement (A), velocity (B) and acceleration (C) records obtained simultaneously. 

A B Cc 

Fig. 4. Records obtained using 2 heavy log phantom as subject. Below (A, B and C) are strain- 

gage records of forces applied to one end of the phantom. Above are the displacement (A), velocity 

(B) and acceleration (C) records of the motion produced at the other end of the log. Note that oscil- 

lations are absent from the strain-gage force record. 

A B 

Fic. 5. A, adjustment of ‘‘mixed”’ circuit, using the log phantom as subject. Above, tracing re- 

sulting from the application of a constant force as recorded by adjusted ‘‘mixed”’ circuit; below, a 

simultaneous displacement record showing oscillations. B, comparison of strain-gage force curve 

(below) with oscillation-free ballistocardiogram as obtained simultaneously from the log phantom 
during the application of forces to the log. Note the virtual identity of the curves. 
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3. The method may be readily adapted for 

quantitative studies of cardiac forces. 

SUMMARIO IN INTERLINGUA 

1. Ballistocardiogrammas sin oscillation es 
obtenibile per le equipamento conventional 

supplementate per un circuito electronic spe- 
cial. Registrationes assi obtenite es similissime 

a curvas de “fortia’’ obtenite per altere tech- 

nicas. 

2. Le application de iste methodo a un 

trunco de ligno (serviente como phantasma) 

resultava in curvas de fortia identic con illos 

obtenite per le mesuration, per medio de un 

tensiometro, del fortias realmente exercite 

super le trunco de ligno. 

3. Le methodo es facilemente adaptabile 

pro studios quantitative de fortias cardiac. 
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Posthypothermic Circulatory Failure 

I. Physiologic Observations on the Circulation 

By Emu Buatr, M.D., A. VeERNon Montcomery, Pu.D., AnD Henry Swan, M.D. 

Certain aspects of cardiovascular function were studied in dogs that were cooled to 30 C. without 
ventilatory assistance, and rapidly rewarmed in warm water. While in the hypothermic state, the 
animals appeared to make an adequate cardiovascular adjustment to the lowered body tempera- 
ture. Upon rewarming, however, each animal incurred an acute circulatory collapse, which was 
characterized by a low cardiac output, diminished ventricular work, hypotension, hyperpnea, and 
increased arteriovenous oxygen difference. It is uncertain whether this circulatory failure is central 
or peripheral in origin. 

OLLOWING experimental hypothermia 

in the dog cooled to temperatures as 

low as 20 C., the animal will return to a 

normal physiologic state upon rewarming.'7 

The deaths that did occur were categorized into 

essentially 3 groups: (1) ventricular fibrillation 

or cardiac asystole, (2) circulatory collapse, 

and (3) respiratory collapse. 

On the other hand, some animals were not 

normal physiologically for some time after re- 

warming even if they survived. Bigelow*® found 

a low cardiac output in 1 animal for one hour 

following rewarming. Reduced cardiac output 

has also been shown by Prec and co-workers,° 

by Ross,!° and by Sabiston and associates." 

The present report concerns the cardio- 

vascular status of the dog cooled to the mod- 
erate level of 30 C. and rapidly rewarmed. It 

has been found that the animal rapidly re- 
warmed develops acute circulatory failure, 

which persists for at least thzee hours. 

Metuop 

Apparently healthy mongrel dogs in the weight 
range of 12 to 38 Kg. were used. The experiments 
were done from October 1954, through April 1955. 

From the Halsted Laboratory for Surgical Re- 
search and the Departments of Surgery and Physiol- 
ogy, Univ. of Colorado School of Medicine, Denver, 

Colo. 

This study was begun during Dr. Blair’s tenure of 
in U. 8. Public Health Service Postdoctorate Re- 

search Fellowship. 

Aided in part by a grant from the U. S. Public 
Health Service (H-1559 C), and in part by a grant 

from the American Heart Association. 
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Food and water were withheld for a period of 12 
hours prior. to the study. No premedication was 
administered. The animals were anesthetized with 
chloralose, 100 mg./Kg. The agent was dissolved in 
boiling saline solution, cooled to body temperature, 
and kept in a warm bath to prevent crystallization. 
Under fluoroscopic vision two no. 8 cardiac catheters 
were introduced into the right heart. One of these 
was placed into the right or left pulmonary artery 
and the other into the right atrium. A femoral 
artery was cannulated with a no. 18 Cournand 
needle. An endotracheal catheter was made airtight 
by a ligature around the trachea placed through a 
small wound in the neck. The animal was hepa- 
rinized, 3 mg./Kg. A rectal thermometer was in- 
serted into the sigmoid for recording of temperature 
changes. Lead II of the electrocardiogram was moni- 
tored continuously on an oscilloscope. Respirations 
were unassisted, but were recorded at regular inter- 
vals. 

Pressures were transmitted to a strain-gage ampli- 
fier and recorded on a multichannel oscilloscope-type 
recorder.* Mean pressures were either electronically 
integrated or computed with a compensating pla- 
nimeter. Expired air samples were analyzed by the 
Scholander method, duplicate samples were accepted 
if within an error of 0.06 volumes per cent. Blood gas 
determinations were done by the Van Slyke-Neill 
method, with duplicate samples falling within a 
margin of 0.2 volumes per cent. The expired air 
from the tracheal catheter was collected in Douglas 
bags, measured in a Tissot spirometer, and corrected 
for volume at standard conditions (STPD). The pH 
was determined with a Beckman pH meter with 
the water bath adjusted to the temperature of the 
animal. Cardiac output was calculated by the Fick 
principle, and stroke volume was computed from the 
output and the rate. From the output and the mean 
arterial pressure, the total peripheral resistance 

* Manufactured to our specifications by Elec- 

tronics for Medicine, Inc., White Plains, New York. 

Circulation, Volume XIII, June, 1956 
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(TPR) and the work of the left ventricle (LVW) 
were computed as follows: 

> 

1. TPR = Bem 
Q/T 

TPR = resistance in dynes seconds/cm.° 
BPm = mean pressure in systemic artery in 
mm. Hg 
Q/t = cardiac output in ml./sec. 
1332 = conversion factor from mm. Hg to 

dynes /em.® 

(1332) wherein, 

LVW = (CI 4 1.055)(BPm ~*~ 13.6) isan: 

ee 1000 

LVW = work in Kg. M./min./M? 

CI = cardiac indext in L./min./M2 
1.055 = specific gravity of blood 
BPm = mean blood pressure in mm. Hg 
13.6 = specific gravity of Hg 

Following anesthetization, a period of 30 minutes 
was allowed in order to reach a steady state before 
baseline normothermic studies were made. Then the 
animal’s hair was clipped (no depilation was done), 
and the animal was immersed in a bath of ice water 
up to its neck. It was removed from the ice bath 
when the rectal temperature dropped to 32 C. The 
temperature continued to fall another 2 C. Obser- 
vations were made again at this time and also an 
hour later at the same temperature (30 C.). The 
animal was then placed into a warm bath 42 to 
45 C. and rewarmed rapidly. When the rectal tem- 
perature returned to 35 C., the animal was removed 
and dried thoroughly. Studies were made at the end 
of the rewarming period and again three hours later 
when the temperature had risen another degree to 
36 C. 

Blood was replaced, milliliter for milliliter, im- 
mediately after withdrawal of samples. The blood 
was not previously cooled. The amounts of trans- 
fusion were so small that they did not noticeably 
affect the blood gas content or rates of cooling. 

During cooling, anesthesia was maintained at a 
level sufficient to depress shivering because shiver- 
ing markedly prolongs the process and predisposes 
the animal to cardiac irregularities, particularly 
ventricular fibrillation. During the period of cooling, 
muscle relaxation must be complete to permit rapid 
induction of the state of hypothermia. Curare or 
curare-like agents were not employed because arti- 
ficial or assisted respiration was not used, and partial 
or complete respiratory arrest in early stages of 
cooling is undesirable. 

During the rewarming period no attempt was 

+ The cardiac index was derived by dividing the 
output by the surface area which was calculated from 

the formula: 

SA = (log wt. in Kg.)?/3 

made to control shivering, and only enough anes 
thetic agent was supplied to keep the animal aslee; 
during the technical manipulations of the study 
Shivering was not controlled at this time for severa 
reasons: (1) interest was centered on the effect o 
rapid rewarming and, consequently, the process o 
shivering, a normal response of the temperature 
regulating mechanism of the dog, was permitted; (2 
the procedure currently used in cooling and rewarm 
ing patients was followed; (3) in the dog shiverin; 
during rewarming is very active so that its depression 
would require massive supplemental anesthesia 
possibly resulting in marked alterations in physi 
ologic chemistry and circulatory dynamics. 

A control series of dogs studied under chloralos 
anesthesia alone revealed none of the cardiovascula: 
changes to be described. 

RESULTS 

Acceptable data were obtained in 15 animals 

Of these, studies were done three hours afte: 

warming in 8. Five deaths occurred in the entir« 

group at intervals of 1 to 12 hours after re- 

warming. All the data are tabulated in table 1.* 

Considerable variation was observed from 

animal to animal and during the periods im- 
mediately following a change in temperature; 

there was much less variation during a steady 

environmental state. Upon cooling and also on 
rewarming, there was considerable scatter in 

the measured values, especially in the A — V O» 
difference and in the TPR. There was less 

variation from one animal to the other upon 

entering a steady state. 

Upon cooling to 30 C., there was a significant 

decrease in mean femoral artery pressure with 

little change noted after one hour of a steady 

state of hypothermia (fig. 1). At the same time, 

the peripheral resistance also became elevated. 

The heart rate declined. Upon rewarming, the 

hypotension persisted although the periphera! 

resistance remained high. The heart rate re- 

turned to normal levels, but did not exceed 

them, despite the persistent hypotension. 
The cardiac index declined considerably 

upon cooling with no significant change i 

A — V Oz difference (fig. 2). No change wa: 
noted an hour later. On cooling, the work o! 
the heart (LVW) decreased approximately 61 
per cent. Upon rewarming, the A — V Oz dif 

ference increased immediately often to : 

*In comparing any two groups of data in thi: 

study, a p value of <.05 was accepted as significant 
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912 POSTHYPOTHERMIC CIRCULATORY FAILURE 

Heart Rarc | Femonac Antery ToTaL Peripwerar 
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, mmHg ue 

oon HEART RaTE 

Fig. 1. Vascular physiologic effects during hypo- 

thermia and rewarming (mean values). The arterial 

pressure and the peripheral resistance fail to return 

to normal on rewarming. 
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Fic. 2. Cardiac index, atriovenous oxygen differ- 

ence, and left ventricular work during hypothermia 

and rewarming. On rewarming the cardiac index is 

low, the arteriovenous oxygen difference increases, 

and the left ventricular work is below normal. 

greater than normal figure, with a persistent 

low cardiac index. At this time, the LVW in- 

creased, but not to normal. Three hours after 

rewarming the A — V Oz difference continued 

to increase, with a continued low cardiac index 

and decreased LVW. In short, no significant 

SHouRS 

36° 
047.00 

Fic. 3. Arterial blood gas changes during hypo- 

thermia and rewarming (mean values). Significant 

acidosis develops on cooling, with fall in oxygen ten- 
sion and increase carbon dioxide tension during hypo- 

thermia. On rewarming there is a return to normal. 

Oxvoex Consumption 

ml /s®/uim. 

32 wouRS 
36° 

Fig. 4. Oxygen consumption during hypothermia 

and rewarming (mean values). During hypothermia 
there is a marked decrease in oxygen consumption 

and a significant increase above normal on rewarming. 

improvement occurred in the circulation during 

the three hours following rewarming. 

As might be expected with unassisted respira- 
tion, respiratory acidosis developed, but. it 

disappeared on rewarming (fig. 3). 

The total oxygen consumption decreased 

about 50 per cent on cooling to 30 C. (fig. 4). 

One hour later there was no significant change. 

Upon rewarming, however, the consumption 

rose to levels above control and three hours 

later was even greater. 
Figure 5 illustrates these characteristic 

changes in one animal. In some animals the 

changes were less extreme and the ret’ rn to 

normal on rewarming was more pronounced; 
in others, the changes were greater and the 

animals succumbed. 
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Fic. 5. Physiologie changes during hypothermia 

and on rewarming in a typical experiment (animal 

protocol #54-107). Three hours after rewarming the 

animal is in circulatory failure. 

A linear correlation was found between total 
oxygen consumption and cardiac output in 

normal, hypothermic, and rewarmed animals 

(fig. 6). Both variables decreased proportion- 

ately in the cold state, indicating that circula- 

tion was adequate for the oxygen demand. As 

seen in figure 7, however, in the rewarmed 

animal the output rose relatively less than 

oxygen consumption. The circulatioz: + as there- 

fore inadequate for the oxygen demand. 

DISCUSSION 

A major physiologic effect of cooling is 

lowered body metabolism.” In consequence 

ventilation is reduced, as is cardiac activity 

‘manifest by slow heart rate, low cardiac index, 

reduced ventricular work, and lower blood 

wressure) with subsequent decrease in blood 
‘ow in both the greater and lesser circuits. 
With some exceptions,®: | investigators gener- 

ily observed that animals tolerated cooling 
ind rewarming well and returned to normal in 
ill respects upon rewarming. 

* Control 36°C. 
e Hypothermia 30°C. 

20 40 60 80 100 120 140 160 180 200 

Oxygen Consumption mi./minute 

Fia. 6. Relation between cardiac output and oxy- 

gen consumption during cooling. The linear relation- 
ship both during control normothermia and hypo- 

thermia is demonstrated. There is actually a wider 

scattering during normothermia than during the 
cooled state. In both stages the circulation is ade- 

quate. 

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 

Oxygen Consumption mi /mnute 

Fig. 7. Relation between cardiac output and oxy- 

gen consumption during rewarming. The rewarmed 

animals all fall well below line A derived in figure 6. 

The circulation is inadequate. 

Data from the present study concerning 

hypothermia at 30 C. of one hour’s duration, 

corroborated part of this view: that the animal 

adjusts adequately to a state of hypothermia. 

Upon rapid rewarming, however, a striking 

abnormality, which can be described as circu- 
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latory failure, persisting for at least 3 hours, 
was observed consistently in every animal. 

Upon rewarming to normothermia, the ani- 
mal became hyperpneic and oxygen consump- 

tion increased. During this period of time 
shivering was active. The blood pressure, which 

fell during hypothermia, failed to rise, although 

the heart rate returned to the control level. 

Clinical signs of circulatory collapse appeared, 

indicated by a pale dry tongue and overbreath- 

ing. The A — V O:2 difference widened markedly 

and there was a low cardiac index, decreased 

left ventricular work, and persistently elevated 
resistance to blood flow. At this time, the circu- 

lation was not adequate; survival depended on 
maximal extraction of oxygen from the hemo- 

globin. We believe this phenomenon results 

from serious decrease in effective circulating 

blood volume or myocardial failure. 

During the cooled state, it seems probable 
that blood is shunted into reservoirs and the 
reduced cardiac output is adequate during the 

hypothermic state. Upon rewarming the cardiac 

output and blood flow do not return to normal, 
but a state of circulatory shock develops, 

with continued low output. The mechanisms 

involved in reduction of effective circulating 

blood volume may be a failure of homeostatic 

mechanisms to release blood from reservoirs 

into the effective circulation and an overexpan- 

sion of the capillary bed with a peripheral 

trapping of blood. Despite the severe degree of 

hypotension, tachycardia that is ordinarily 

seen in states of low volume circulatory col- 

lapse was absent. The state of the heart during 

hypothermia should be reviewed before con- 

sideration of possible myocardial dysfunction 
in the rewarmed state. Anoxia of the heart 

during hypothermia has been reported with 
resultant circulatory collapse.®: 17 Adequate 

myocardial oxygenation has been indicated, 

however, by other investigators’: '* and our- 

selves”® in finding no change in the A — V QO,» 

of the myocardium. Our observations confirm 

the latter view.2° Furthermore, even with un- 

assisted ventilation, there was adequate oxy- 
genation at the temperature level studied. 

There appears to be no myocardial inadequacy 

during hypothermia. 
It has previously been demonstrated that in 

acidosis the myocardium enters a positive K+ 

balance.’® According to Szent-Gyérgyi,” this 

positive balance leads to a decrease in the ten- 
sion developed during ventricular contraction. 

The net result of these myocardial metabolic 
derangements would be a reduced ventricular 

efficiency, manifest by a lowered ability to 

work and a consequent low output. This 

sequence has not yet been definitely established, 
however. The oxygenation and potassium bal- 
ance of the myocardium at this stage of the 
posthypothermic state will be the subject of a 
subsequent report.?° 

The normal right atrial pressure in the re- 
warmed animal is inconsistent with myocardial 
insufficiency; with prolonged reduction of car- 

diac output the venous return should become 

overpowering if the effective circulating blood 

volume has been restored. Furthermore, pul- 

monary hypertension, which is a frequent 

accompaniment of acute myocardial failure, 

was absent in the present study.” 

It is possible, of course, that even in the 
absence of direct myocardial muscular derange- 
ments during rewarming, the circulatory col- 

lapse might affect the myocardium secondarily 

with the same net results. 
The nature of this posthypothermie circula- 

tory failure is unclear at present. The problem 
is of great importance, however, for the proper 

understanding and management of general 
hypothermia. Further studies are in progress 

in this laboratory. 

SUMMARY AND CONCLUSIONS 

Dogs under chloralose anesthesia with un- 

assisted respiration were subjected to a rectal 

temperature of 30 C. for one hour and rewarmed 

rapidly. 
In the hypothermic state the cardiovascular 

system in the majority of the animals appeared 

to adjust adequately to the change in environ- 
ment for the period observed. 
Upon rewarming, every animal developed 

acute circulatory collapse, characterized by 

low cardiac output, diminished ventricular 

work, hypotension, hyperpnea, increased A — 
V Os difference, and increased total oxygen 

consumption. 
The exact mechanisms for the circulatory 
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{ ilure are not known, although it is suggested 
t ey may involve diminished effective circulat- 
i g blood volume or myocardial insufficiency 
© both. 
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SUMMARIO IN INTERLINGUA 

Canes sub anesthesia a chloralosa sin assis- 

entia respiratori esseva subjicite durante un 
ora & un temperatura rectal de 30 C e recale- 

facite rapidemente. 
In le stato hypothermic le systema cardio- 

vascular del majoritate del animales pareva 
adjustar se adequatemente al ambiente alterate 

durante le periodo del observation. 

Post recalefaction, omne le animales dis- 

veloppava un acute collapso circulatori, char- 

acterisate per basse rendimentos cardiac, 
reducite labor ventricular, hypotension, hyper- 

phea, augmentate differentia atrio-ventricular 

de Oo, e augmentate consumption total de 
oxygeno. 

Le exacte mechanismos del disfallimento 
circulatori non es cognoscite, sed nos postula 

le possibilitate que illos involve un reducite 
effective volumine de sanguine circulante o 

insufficientia myocardial o ambe iste factores. 
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CLINICAL PROGRESS 

Current Research and Problems of 
the Coronary Circulation 

By Donavp E. Grea, Px#.D., M.D., ann Davin C. Sasiston, Jr., M.D. 

EART disease, especially coronary 

artery disease, continues to be one of 

the foremost problems in medicine 

today. A good estimate is that about one third 

of those who die from heart disease in the 

United States do so from a primary coronary 

insufficiency related to atherosclerosis as the 

dominant factor, one third die from primary 

coronary insufficiency associated with cardiac 

hypertrophy and increased cardiac work 

arising from valvular lesions and increased 

blood pressure, and one third as a result of a 

primary myocardial insufficiency. 

Of the available methods of study, none gives 

detailed or accurate information regarding the 

coronary system in the normal or diseased 

staet. Such studies require precise methodology 

that is difficult to apply to the heart because 
of its gross inaccessibility. For this reason 

various types of instrumentation are intro- 

duced in order to obtain hemodynamic and 

metabolic data, but such data are often of 

doubtful value. Accordingly, advances in the 

field of the coronary circulation are based on a 

combination of difficult precision instrumenta- 

tion applied directly to the exposed or isolated 

heart and of questionable indirect methodology 

applied to the heart in the intact state. By 

synthesis of available experimental facts, how- 

ever, considerable progress has been made 

toward the solution of certain problems in this 

field. 

Metabolic Patterns in the Heart. Since the 

ability of the heart to do work depends 

basically on its biochemical activity leading to 

muscular contraction, any definitive analysis 

From the Department of Cardiorespiratory 

Diseases, Walter Reed Army Institute of Research, 
Walter Reed Army Medical Center, Washington 12, 

Dp: C. 

of the phenomena of heart failure or coronary 
insufficiency is dependent upon an_ under- 

standing of the normal metabolism of cardiac 

muscle. Basic chemical patterns in cardiac 

muscle have been found similar to those in 

other muscles and tissues. The catabolism of 

fat, carbohydrate, and protein produces free 

energy, about half of which is dissipated as heat 

and half is captured as phosphate bond 

energy. The latter is used for muscle cell work 

and for various anabolic activities such as 

synthesis of glycogen, lipids, proteins, and 

enzymes. These catabolic and anabolic re- 

actions proceed simultaneously under the 

influence of a complex system of enzymes, 

coenzymes (from the vitamin B complex), and 

hormones. Compounds such as adenylic acid 

and creatine accept the high energy phosphate 

moieties from the oxidation of substrate to 

form phosphocreatine and adenosine tri- 

phosphate. It is believed that the ultimate 

contractile unit in muscle tissue is the acto- 

myosin fibril, a conjugate of «two muscle 

proteins, polymerized actin and myosin. 

Conversion of actin into polymerized actin 
requires energy that is transferred from 

nucleotides such as adenosine triphosphate and 
is released enzymatically, presumably during 

ventricular diastolic relaxation, so that shorten- 

ing of the muscle fibril can take place during 

the next systole. Up to the present time bio- 

chemists have appeared to be _ interested 

primarily in adenosine triphosphate as the 

chief nucleotide furnishing the energy for 

contraction. However, recent work in at least 

two laboratories has shown that the content of 

adenosine triphosphate and adenosine di- 

phosphate is the same in the resting and the 

beating heart.':? This raises the question of 
whether or not adenosine triphosphate is the 

Circulation, Volume XIII, June, 1956 



CORONARY CIRCULATION 

ain donor of phosphate bond energy and 
i dicates that a new revolution in the physi- 
ogy of muscular contraction may have begun. 
Coronary catheterization studies in dog and 
an have indicated that the heart can choose 

i s fuel from a variety of foodstuffs.* Thus, it 

largely independent of fluctuations in its 
1emical environment. To determine the 

uantitative contribution of fat, carbohydrate, 
:ad protein to the energy production of the 

eart, i.e., its oxygen consumption, measure- 

ients have been made of their cardiac ex- 
‘action (coronary artery — coronary sinus 
ifference), their total uptake [coronary flow X 

‘oronary artery — coronary sinus difference 

f substance)], and the myocardial respiratory 
uotient (coronary sinus — arterial carbon 

ioxide difference)/(coronary artery — coro- 

nary sinus oxygen difference). In general, the 

myocardium of the normal left atrium and 

ventricle has been found to extract, oxygen, 

glucose, lactic and pyruvic acids, fatty acids, 

ketone bodies, and amino acids in direct 

relation to the arterial level of each substance. 

xeellent correlation has been demonstrated 
between the myocardial respiratory quotient 

and the myocardial uptake of a substance. 
During fasting, the heart can derive its 

energy from fat as indicated by a myocardial 

respiratory quotient of 0.7 with a very low 
extraction and uptake of carbohydrate. In the 

normal postprandial state, the metabolism of 

the heart may be based largely on carbohy- 
drate, since its respiratory quotient approxi- 

mates 0.9, with a high extraction and uptake of 

carbohydrate and with a negligible uptake of 
amino acids. Even the substitution of 5 to 10 
per cent oxygen for the normal 21 per cent in 

the inspired air does little to change carbo- 

hydrate uptake by the normal heart. 

In addition to these patterns of myocardial 

netabolism in the normal heart, other meta- 

bolic changes have been reported in some 

pathologic and diseased states. Patients with 

ieart failure and decreased cardiac work due to 
valvular disease show an increased carbo- 
1ydrate uptake by the heart with a normal 

xtraction of lactate and pyruvate and an 

nereased glucose extraction. The heart in the 

yatient with even mild diabetes appears to 
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Fic. 1. Schematic drawing of the coronary system. 

derive most of its energy from fat, with a post- 

absorptive respiratory quotient of about 0.7, 

an increased uptake of fatty acids, and a 

decreased carbohydrate uptake. It is well to 

defer detailed consideration of much additional 
metabolic data that have been reported in other 

states, because an interpretation must be based 
on the assumption that oxidation of foodstuffs 

to carbon dioxide and water is the sole factor 

in the determination of the myocardial respira- 

tory quotient and of the myocardial extraction 

and uptake of these compounds including 

oxygen. Without doubt, storage or conversion 
into other compounds is occurring concurrently 

and these activities are especially prominent 

during changing levels of cardiac activity or of 

blood substrate. 
Basic Regulation and Concepts of Coronary 

Circulation. In any consideration of the 

problems of the coronary circulation, certain 

basic concepts are essential. Beginning with 

Harvey in the seventeenth century, the ana- 

tomic and dynamic details of this system have 
been elucidated gradually (fig. 1). As in any 

other vascular system, each of the two coronary 
arteries that arise from the aorta connects 
with its capillary bed, its superficial myo- 

cardial venous bed, and eventually with the 

right atrium. The epicardial branches of the 
coronary arteries and coronary veins also 

anastomose with each other and with extra- 
cardiac arteries and veins. There are numerous 
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arteriovenous shunts. In addition to these 
pathways, the arterioles as well as the capil- 
laries and superficial veins connect directly 
with both ventricular cavities by discrete, deep 

drainage channels, the arterioluminal, the 

arteriosinusoidal, and the Thebesian vessels. 

Despite the presence of these deep channels 

and the existence of a favorable pressure 

gradient during systole, they are not used. 

Balance studies of coronary inflow and outflow 

have shown that approximately three fourths 
of the blood entering the left coronary artery 

drains into the coronary sinus. The remainder 

of left coronary artery inflow is recovered in 

the superficial (anterior cardiac) veins of the 

right myocardium that drain into the right 

atrium. Most of the right coronary artery 
inflow appears in these anterior cardiac veins 

and the remainder (10 to 20 per cent) drains 

into the coronary sinus. It is presumed that a 

similar pattern occurs in man. 

Consideration of the mechanisms that control 

the oxygen supply to the myocardium involve 

certain difficulties not encountered in similar 
investigations in other organs of the body. The 

myocardial wall of the left ventricle not only 

furnishes the pressure head for driving blood 

into the coronary arteries but also may either 

offer phasic resistance to coronary flow or 

actually aid flow by its muscular contraction 

around the coronary vascular bed. Similarly, 
the right ventricle rapidly changes resistance 

to right coronary flow at the same time that 

left ventricular contraction presents blood to it 

under a pulsatile head of pressure. However, 

flow in either coronary artery will vary 
directly with the effective perfusion pressure 

head (aortic or central coronary pressure — 
right atrial pressure) and with the size or mean 
bore of the coronary bed. The bore of the 

coronary bed is regulated to increase flow by 
changes in the intrinsic smooth muscle of the 
coronary vessels as mediated by nervous, 
humoral, and metabolic influences (“active 

coronary dilatation”) and by a passive or 

mechanical mechanism arising from myocardial 
contraction during systole (‘‘passive dilata- 

tion”). 

Changes in the coronary circulation with 
acute or chronic alterations in stress make more 

economical use of the available oxygen anc 
increase the available oxygen supply [coronary 

flow X (artery — coronary sinus oxyger 

difference)]. First the biochemical and me. 

chanical processes of the heart muscle adjust, 
so that a given myocardial oxygen usag¢ 

results in greater external cardiac work. Second, 
the coronary vascular resistance decreases 

and coronary sinus extraction of oxygen 

increases. In this consideration, it is assumed 

that all coronary sinus blood has passed 

through a capillary bed. There are certain 

problems in the field of effective supply of 

oxygen, the solution of which has a practical 
application. Actually, considerable progress 
has been made in this direction. 

The first problem is the identification of the 

direction and magnitude of the determinants 

of coronary flow that reside in the myocardial 

wall, i.e., the quantitative separation of the 

influence on coronary flow of the intravascular 

factors from mechanical effects of ventricular 

systole. This fractionation is of extreme im- 
portance, since under normal conditions the 

only other major factor affecting coronary flow 

is central coronary pressure, which ordinarily 

does not change greatly with exercise. Previous 

attempts to estimate separately the effects of 

vasomotor action and of myocardial con- 

traction have been based on analysis of phasic 

flow curves in a coronary artery or vein. Such 
an indirect approach has led to the opposite 

conclusions that ventricular systole aids coro- 

nary flow and that it tends to throttle coronary 

flow. These deductions suffer from the as- 

sumption that the measured rate of flow in an 

epicardial artery and vein at the indicated time 
interval represents actual flow through the 

myocardium. 
Recently, we have applied a technic in our 

laboratory that is thought to quantitate 
separately the effect on left coronary flow of 

the coronary vasomotor state and of ventricu- 

lar contraction. In the open-chest dog the left 

coronary artery is perfused from a reservoir of 
blood at a constant pressure and the coronary 
flow quantitated by a rotameter, while flow in 
the coronary sinus is measured by a second 

rotameter as its blood passes to the right 
atrium through an indwelling polyvinyl cathe- 
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r. Following coronary flow measurements in 

e beating heart, the flows are measured 

iring prolonged diastolic relaxation induced 

’ peripheral vagal stimulation to remove the 
echanical effects of ventricular contraction. 

" he results (of which, figure 2 is typical) have 
i dicated that coronary flow increases in- 

wiably during asystole in both the left 

onary artery (13-77 per cent) and in the 

onary sinus (17-76 per cent). The same 

rectional trends were observed in similar 

:periments with electric induction of ven- 
ticular fibrillation. These experiments have 

mvineed us that ventricular contraction 
nyocardial action during systole) acts to 

impede coronary flow through the left ven- 

tricular wall; the extent of increased flow 

curing asystole represents quantitatively the 

magnitude of the mechanical or passive factors 

limiting coronary flow; the new flow level 

represents that state of coronary dilatation 

related to the state of the intrinsic smooth 

muscle in the coronary vessels. 

A second basic problem is the estimation of 

the amount of oxygen used by a ventricle when 

it is doing no external work. This measurement 

is vital to the determination of the economy 
of oxygen consumption by the ventricle, i.e., 

the mechanical efficiency of its operation, 

since as in any other muscle its efficiency is 
estimated by dividing its external work by the 

difference between its oxygen consumption 

during the beating state and during its relaxa- 

tion. In the past, except for the oxygen usage 

of the relaxed or “resting” heart, these values 

have been available and many calculations 

made of cardiac efficiency in normal and patho- 
logic states. Whether such values give even an 

indication of directional change for efficiency 
depends upon the magnitude of the unmeasured 
parameter. It occurred to us that the asystolic 
1eart with its perfused coronary arteries might 

supply the physiologic situation in which the 
netabolism of the left ventricle during relaxa- 

ion could be measured. Accordingly, the 

sxxperimental preparation and procedures simi- 

ar to those just described for indicating 

‘thanges in coronary flow in asystole were used 
with the addition that the coronary arterio- 

venous oxygen difference was recorded con- 
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Fic. 2. Reproduction of a record illustrating left 

coronary arterial inflow and coronary sinus drainage 

in asystole. The flows in the beating heart are 137 

and 73 ml./min. for the left coronary artery and 

coronary sinus, respectively. With the induction of 

asystole by vagal stimulation (while perfusion 
pressure is held essentially constant), arterial inflow 

rises to 150 ml./min. and coronary sinus drainage to 

111 ml./min. The time lines are one second apart. 

tinuously by withdrawal of arterial blood and 

coronary sinus blood through a recording 

densitometer in the beating and then in the 
asystolic heart. Thus far, in a number of experi- 

ments some of the values obtained for the oxy- 
gen consumption of the asystolic left ventricle 

representing a period when no external cardiac 
work is performed may be up to half of those 
in the beating heart. Further experimentation 
is needed to determine the lowest value ob- 
tainable for ‘resting’? oxygen usage of the 
heart. However, if values of this magnitude 
for oxygen usage in the resting heart are 
subtracted from the oxygen value in the 

beating heart, it is apparent that the value for 

cardiac efficiency is altered greatly. For this 
reason no reference will be made to the values 
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obtained for myocardial efficiency and their 

significance in a variety of clinical states until 

their fundamental adequacy can be ascertained. 

A second interesting feature of these studies 
is that coronary sinus oxygen saturation does 

not begin to rise concomitantly with asystole 
but rather there is a lag of 10 to 15 seconds 

after which oxygen saturation rises to a new 

plateau in 25 to 30 seconds. This indicates 

that considerable oxygen is consumed by the 

left ventricle over and above the resting 

oxygen level from the onset of asystole to the 

apparent new equilibrium at 25 to 30 seconds. 
Presumably, this oxygen is used by the myo- 

cardium for performance of its work after the 

work period has been terminated, i.e., the left 

ventricle contracts an “oxygen debt.” This 

behavior of the coronary flow and oxygen 

usage of the myocardium during asystole is 

similar to that observed many years ago by 

Kramer® for skeletal muscle as it went from a 

condition of rhythmic contraction to the 
resting state. 

Consideration of the State of Performance of 

the Heart. Probably the most difficult and 
certainly the most controversial field in 

cardiology is the estimation of the state of 

performance of the heart.® This consideration 

is particularly germane here, since depression 
of myocardial function or heart failure is un- 

doubtedly most often the result of an in- 

adequate coronary circulation even in the 
absence of mechanical obstruction to the 

coronary artery. 

In seeking a method for determination of 
cardiac contractility or for evaluation of the 

dynamic state of the heart, the search for a 
correlative measurement of stroke work has 

led in various directions. Upon the basis of 

findings in the isolated heart, heart-lung 

preparation, and the open-chest dog in which 

cardiac size and cardiac work have been 
increased progressively by large and rapid blood 
infusions, the basic concept has been formu- 

lated that the energy of cardiac contraction 

(cardiac work) is a function of the extent to 

which myocardial fibers are stretched during 

the preceding diastole (diastolic volume). Since 

tension in a myocardial wall is related to the 
product of the pressure and radius in its 

ventricular cavity, curves of the relationship of 
ventricular end-diastolic pressure (or mean 

atrial pressure) to stroke work of the respective 

ventricle have been obtained also in these 

preparations. Recent expansion of the latter 

approach in the open-chest dog has indicated 

that each significant alteration of the circula- 

tory state results in a new curve of relation of 

atrial pressure to stroke work. As evidenced by 
such left ‘ventricular function” curves the 
state of performance of the left ventricle is 

improved by mechanical increase in aortic re- 

sistance and by epinephrine injection, while 
severe anemia depresses ventricular function 

and unilateral depression of left ventricular 

function is related quantitatively to coronary 

insufficiency caused by constriction of the 

coronary artery. The validity of such curves is 

unquestioned as is their applicability to such 

preparations provided heart rate and the 
functional state of the myocardium are un- 

changed. This experimental approach serves as 

a useful laboratory method in differentiating 

between the normal and the depressed or failing 
ventricle. Without doubt, this relationship of 

either diastolic size or end-diastolic pressure to 
cardiac response is a fundamental property of 

the myocardium as it is in skeletal muscle. 

However, because of technical and _ other 

difficulties, neither of these measurements and 

comparisons has ever been made in the intact 

dog or man. 

In the normal state, the stimulus to increased 

cardiac work is generally a combination of 
exercise and excitement which operates through 
neural and humoral mechanisms to change 

quickly and greatly the heart rate, size of great 

veins and atrial compartments, peripheral 

resistance, cardiac output, ventricular end- 

diastolic pressure, and cardiac size. While the 
crucial experiment admittedly has not yet 

been done, still there is no correlation in 

exercise between left ventricular end-diastolic 
pressure and stroke work; and left ventricular 
diameter (as determined by an intraventricular 

gage) and the ventricular diastolic volume (as 
estimated by x-ray) respond to the stress of 

exercise by becoming smaller rather than larger 

in diastole, irrespective of heart rate changes. 
These observations raise the question of the 
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Jevance of the findings in the abnormal 

reparation to the problem of the regulation of 
1e state of performance in the normal ambu- 

tory animal or human being. Further advance 
. this field will depend upon adequate instru- 

ental development for the determination of 

hasic changes in diastolic and systolic ven- 

‘icular volumes in the normal state. 
By the use of different approaches, certain 

ata on basic flow have been established con- 
ning utilization of the left coronary system 
f man and the dog. Left coronary inflow 

pproximates 70 ml./100 Gm. of left ventricle 

er minute; coronary arteriovenous oxygen 
ifference 10 to 12 ml./100 ml. of blood; left 
entricular work 3.0 Kg.M./100 Gm. of left 
entricle per minute. In the heart undergoing 

heavy stress, values approximating 12 Kg.M./ 

(00 Gm. of left ventricle per minute for 
maximum cardiac work are probably a 
reasonably accurate approximation. These 

figures were obtained in our laboratory during 

massive blood infusions in the normal dog and 

in the dog with a peripheral or aorta-caval 
fistula, and in man native to sea level or to a 

three mile altitude and exercising on a tread- 

mill to near exhaustion. Correct values for left 
coronary flow and myocardial oxygen con- 

sumption during natural maximal stress, such 

as exercise, are not available because of 

technical difficulties of instrumentation and 

application. 

The extent to which increased oxygen ex- 

traction contributes to the available myocardial 

oxygen supply during increased stress is also 
undecided because of insufficient study. In 

some instances, such as an acute increase in 

systemic blood pressure through mechanical 
aortic constriction or a blood transfusion, the 

oxygen level of the coronary sinus is not sig- 
ificantly altered despite a considerable in- 
‘rease in systemic blood pressure, left coronary 

low, left ventricular work, and oxygen usage. 

‘n the presence of acute pulmonic stenosis or 
\ortic stenosis (central to the coronary ostia), 

n which the central coronary pressure is not 

‘levated, the left coronary flow rises but 

xygen content of the coronary sinus drops 

‘onsiderably, and most of the remaining oxygen 

s extracted. If the stenosis is severe enough 

there will continue to be an increased coronary 
flow and extraction of oxygen from the coronary 
circulation even if, prior to the induced stenosis, 

the control left coronary inflow is increased 2 

to 3 times by raising the central coronary 
pressure to a very high level. In the heart 

failing acutely or chronically, oxygen satura- 
tion of the coronary sinus is invariably de- 

creased. On the other hand, it is easy to 
increase considerably the oxygen content of the 

coronary sinus by injecting certain drugs such 

as epinephrine and _ norepinephrine intra- 
venously or directly into the coronary artery. 

The increase in oxygen saturation of the 

coronary sinus is generally, although not 

necessarily, associated with an augmentation 

of the coronary inflow which supplies oxygen 

to the needy myocardium in excess of its met- 
abolic demands. 

It is exceedingly important to know the 

level of the oxygen content of the coronary 

sinus or coronary arteriovenous oxygen dif- 

ference. Although extraction of this small 

volume of oxygen cannot increase greatly the 
myocardial oxygen supply, knowledge of its 
level enables an estimation of the balance 

between dilatation arising as the result of 

increased metabolic requirements in the heart 
and dilatation from the effects of substances on 

the smooth muscle of the coronary vessels and 

on the extent of extravascular compression. If 
the substance that causes dilatation and in- 
creased coronary flow operates mainly through 

the latter mechanisms, then it will be identified 

by the fact that as coronary flow increases, 
oxygen content of the coronary sinus blood 

increases and the coronary arteriovenous 

oxygen difference decreases. This might be 
termed “benign dilatation” and is obviously 
an excellent situation for the heart, in that it 

obtains its blood flow cheaply. If, on the other 

hand, the increase in oxygen supplied to the 

myocardium by the coronary circuit during 

stress is less than the increased volume of 
oxygen used by the myocardial cells, the 

arteriovenous oxygen difference of the coronary 

increases. This operation is relatively expensive 

to the heart and might be called ‘‘malignant 

dilatation.” This type of analysis is now being 

applied to various physiologic states and should 
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be helpful in the evaluation of the fundamental 

action of drugs. 

Although we cannot as yet weigh the relative 

role played by these factors in promoting the 

oxygen supply to the heart in normal stress, 

such as exercise, there are certain general 

patterns of hemodynamic responses of the 

normal heart and of the pathologic nonfailing 

heart under increased and decreased stress that 

merit some consideration.’ In acute hyper- 

tension, coarctation of the aorta, increased 

venous return (whole blood infusion), acute 

and chronic anoxia, acute and chronic anemia, 

a chronic peripheral arteriovenous fistula, 

thyrotoxicosis, and intravenous injection of 

epinephrine or norepinephrine, there is an 

increase in the cardiac output, cardiac work, 

and cardiac oxygen usage. Concurrently, the 

inflow of the left coronary increases while its 

vascular resistance decreases. Fractionation of 

the coronary flow increase between active 

vasomotor change and passive change in the 

coronary bed has been attempted only in the 

situation of an acute elevation of aortic blood 

pressure and in the case of hypoxia. In the first 

instance, most of the coronary flow increase 

arises from an increase in central coronary 

pressure and active coronary dilatation; in the 

second case, reduction of myocardial com- 

pression and relaxation of smooth muscle in 

the coronary vessels appear to be equally 

potent in promoting coronary flow. An exception 

to this general picture of coronary compensa- 

tion to increased stress is that of chronic hyper- 

tension, in which cardiac output, oxygen 

consumption, and left coronary flow are un- 

altered while coronary resistance to flow 

increases. This deviation is explainable if it is 

assumed that such hearts with known coronary 
artery disease have an increased amount of 

perfused nonmuscle tissue. A second exception 

is the failing rheumatic, arteriosclerotic, and 

hypertensive heart, or the acutely failing heart 

in the heart-lung preparation. These are 

characterized by a reduction in the output and 
work of the heart and a normal or mildly in- 

creased left coronary flow, while oxygen usage 

of the left atrium and left ventricle is normal 
in chronic failure and increased in acute failure. 
These hearts appear to have lost in part their 

ability to convert aerobic energy into cardia: 

work. This deviation is based presumably o) 

the fact that in these hearts that are hy 
pertrophied there are fewer capillaries per uni 

of myocardium to carry the oxygen an 
coronary flow. 

Interest has been increasing in situations « 

decreased cardiac stress such as hemorrhagi 

hypotension and hypothermia.’ * In thes 

states, cardiac output, cardiac work, an 

‘ardiac oxygen usage decrease, as does the lef 

coronary inflow. As compared with othe 

vascular beds, the heart appears to be relativel: 

protected, since the ratio of coronary flow t 

cardiac output is increased considerably. Th 

intracardiac factors determining coronary floy 

here have not been quantitated separately 

Although many oxygen values have _ bee: 

taken from the coronary sinus, the results ar 

too erratic to warrant interpretation. 

It has been indicated by some investigators 

that in sustained hemorrhagic hypotensio: 
and in hypothermia, despite the relative 

maintenance of coronary flow, myocardial de- 

pression and failure are present, as evidenced 

by a rising atrial pressure and cardiac dilata- 

tion.’ Since these parameters can be reversed 

by increased left coronary inflow’ without 

change in blood pressure or blood volume or by 

intracoronary injection of a sympathomimetic 

amine (Aramine), this failure is believed 

consequent upon an insufficient coronary flow. 

Although one does not question the responses 

noted, it must be borne in mind that the various 

surgical insults incident to such an experiment, 

in addition to the hemorrhage, can in them- 

selves place the heart in failure. Actually, in 

neither of these situations have we ever ob- 

served a rising atrial pressure. 

Blood transfusion for the restoration of a 
normal hemodynamic state often presents a 

desperate therapeutic problem. In hypotension 

produced by acute, severe blood loss, it is 

necessary to restore an adequate circulation t¢ 

vital areas such as the brain and myocardium 
as rapidly as possible. The possibility exists 

that intra-arterial and intravenous transfusion 
could have quite different hemodynamic effects. 

The preferential use of the intra-arterial route 

in acute severe hemorrhagic shock has been 
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yposed on the assumption that intra-arterial 
nsfusion would produce a more rapid 
‘rease in systemic pressure as a result of a 

draulic effect, so that perfusion of the 

‘ ronary bed would be more quickly and 
 eetively re-established, thus favoring the 

: provement of myocardial function. Some also 
ol that a larger volume of blood could be 

insfused by the intra-arterial route without 
oducing dangerous elevations of venous blood 

essure and right ventricular dilatation. How- 

: er, the experimental studies on the effects of 

‘»mparable blood infusions alternately by the 

a terial and venous routes in the same dog do 
‘t substantiate this view. In our laboratory® 

id elsewhere, the intra-arterial route did not 

‘evate left coronary flow or arterial pressure 

‘ther more rapidly or more effectively than 

tie intravenous route. Similarly, the route of 

infusion did not change the effect on either 

right or left atrial pressures or pulmonary 

arterial pressure, and excessive elevation of 

right ventricular end-diastolic pressure (cardiac 

dilatation) did not occur. These findings were 
observed in the dog with acute hemorrhagic 

hypotension, in the dog with prolonged hemor- 

rhagic hypotension, and in the dog at the point 
of death. It must be borne in mind that the 
equal effectiveness of the two routes of trans- 
fusion does not indicate whether the coronary 

circulation is insufficient during severe oligemic 
shock. 

Observations in ventricular fibrillation dem- 

onstrate an extreme and sustained myocardial 

resistance to death or to irreversible processes 

over a long period of time." During fibrillation 

without coronary perfusion at body tempera- 

ture fibrillatory motion eventually ceases and 

cardiac adenosine triphosphate and glycogen 

levels become minimal; but if coronary per- 

fusion is re-established one hour or more later, 

within a few minutes strong fibrillatory action 
returns, as does the resynthesis of high energy 

) hosphate. The heart now uses about half the 
(xygen as the beating heart and a normal 
ihythm can be established by countershock. It 

; of particular interest that dogs will survive 

‘fter hours of ventricular fibrillation in con- 

‘rolled deep hypothermia in which use of myo- 

(ardial oxygen is greatly decreased and with 

only an intermittent and very low level of 

coronary perfusion. These observations suggest 
that prolonged ventricular fibrillation is not 

dangerous in itself in the presence of adequate 

myocardial oxygenation. 
Physiologic Basis for Surgical and Other 

Procedures. After coronary artery occlusion, 

the ventricles are likely to go quickly into ir- 

reversible ventricular fibrillation or the hearts 
that survive this critical period may remain 

hypoetynamic, with resulting limited work 

tolerance and large residual cardiac pain. It is 

presumed that the hearts of such individuals 

have too much infarcted tissue and too little 

collateral development. A most important 

problem is the evaluation of the effectiveness 

of surgical (and physiologic) procedures 

designed to stimulate collateral anastomoses in 

this situation. 
Before assessing the physiologic implications 

of such surgical therapy for coronary occlusion, 

one must take cognizance of the natural large 

compensatory mechanisms that protect the 

heart before and after coronary artery oc- 

clusion. Apparently, the heart adopts the 

prophylactic measure of setting up or enlarging 

anastomoses between its own coronary arteries 

without the stimulus of coronary occlusion or 
insufficiency. In this connection, fundamental 

observations show that in the presence of 
anemia, cor pulmonale, cardiac hypertrophy, 

or valvular disease the incidence of inter- 

coronary collateral anastomoses in injected 

human hearts is increased greatly over that in 

the normal human heart and, actually, in some 

instances, their frequency of appearance may 

approximate that with coronary artery oc- 
clusion or narrowing.” A similar augmentation 

of the collateral bed of the coronary artery in 
pigs and dogs with induced anemia has been 

observed by injection and physiologic studies. 
Our knowledge of compensatory changes in 

the coronary system following coronary oc- 

clusion is derived largely from the dog and 
pig.*: * If blood is allowed to flow from a 

major branch (descendens or circumflex) of 

the left coronary artery distal to the point of 

its occlusion, this retrograde flow approximates 

within the first few minutes only 2 or 3 ml./ 

min. of fully oxygenated blood that arises in 
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the other coronary artery. If the heart survives, 

the retrograde flow of oxygenated blood 

increases quite slowly to double within 48 
hours and, within four weeks, to approximate 

the normal inflow into that coronary artery 

before its occlusion. In this situation, injection 

studies show that the intercoronary arterial 

collateral vessels increase greatly in_ size, 

number, and length, and most collateral flow 

comes from the right coronary artery or from 

the other major branch of the left coronary 

artery. Whether the increase in collateral flow 

is through pre-existing, nonfunctioning col- 

lateral vessels or through newly formed 

channels, or whether the latter ever develop, 

has never been determined. 

This slow development of collateral circula- 

tion for as long as a month after occlusion may 

mean that a relatively small amount of col- 

lateral flow will maintain a viable myocardium, 

for many of these hearts survive with minimum 

infarction. This contrasts with the situation in 

the femoral and carotid arteries, in which 

collateral functioning reaches large values 

within one to two days after artery ligation. 

Table 1 illustrates some of the attempts made 

to enhance the collateral circulation in the 

presence of coronary insufficiency." In this 

regard we are greatly indebted to Dr. Beck an | 

associates for making available to us much w 
published data. Some of these procedures 

have been applied to selected patients after 

coronary occlusion and who have had persiste1 
angina pectoris and gross work disability. In 

provement is reported in many instances. T] 

criterion of success for any of the maneuve: s 

should be a considerable reduction in tl] 

number and size of infarcts. These paramete: 5 

are difficult to evaluate in human beings. | 

the dog, however, information on these poin 

has accumulated from a number of laboratori: s 

including our own, and some of the trends a: 

set forth in table 1. Ligation of a major ramv s 

(circumflex or descendens) of the left coronar 

artery alone causes a 70 per cent mortalit, 

within the first hour, and chronically there is 

considerable infarction. If partial or complete 

occlusion of the coronary sinus or its arteriali- 
zation immediately precedes acute ligation of 

the coronary artery, the immediate mortality 

is reduced considerably. Chronic ligation of the 

coronary sinus, arterialization of the coronary 

sinus, or myocardial implantation of an internal 

mammary artery followed by coronary artery 

ligation also leads to a significant reduction in 

mortality and in the number and size of 

TABLE 1.—Surgical and Physiologic Maneuvers in the Normal Heart and in the Heart Following 

Coronary Artery Ligation 

Experiment Surgical situation 

| Coronary sinus open 

Coronary sinus pressure increased 
| Coronary sinus ligated.. 

| Aorta-sinus shunt.......... 

Coronary sinus open... 
| Coronary sinus ligated... . 

Aorta-sinus shunt 

Chronic 

Chronic 

Chronic 

cardium—muscle, lung, intestine, pedicle 

skin flap 

Chronic 

Anemia. ae 

Sham operation... 

Chronic 

Chronic 

Internal mammary artery imbedded in myo- 

Application of mechanical and chemical irri- 

tants to myocardium—abrasions, gauze, 

mica, phenol, talc, silver nitrate, asbestos. . 

= = 

Ligated coronary artery | No previous coronary artery 
ramus ligation 

Anatomic col- Retrograde Mortality Infarction learal Gkerele ri 

70% — 3 mi./min. 

N\ 

Gross 

N\ N 

N\ \ 

pre 

blo 

ret 

ane 

wit 

cou 

thr 

late 

pre 

Col 

pre 

fib 

clu 

flo 

lat 

hes 
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arcts. Application to the epicardium of 

- lous types of extracardiac tissue and of 

chanical and chemical irritants in a chronic 

paration also reduces mortality and _ in- 
: ‘ction in the presence of subsequently induced 

‘lusion of the coronary artery. Accordingly, 
it is deduced that these prior surgical maneu- 

's give sustained (and in the case of coronary 

nous maneuvers, immediate) protection 

ainst ligation of a major branch of the 

» ronary artery. 

If a heart can be benefited by such surgical 

) ocedures, then it should be helpful to have 

mind the possible ways in which they could 

otect the heart. This consideration should be 

aded by reference to figure 1 in which are 

hown schematically the anatomic details of 

he coronary circulation. In the case of the 

coronary venous maneuvers, the protection 
could arise immediately from the creation of 

pressure relationships that promote passage of 

blood from the superficial coronary veins in 

retrograde fashion through the capillary bed 

and into the deep drainage system. Possibly, 

with these and other procedures, the benefit 

could arise from a small increase in blood flow 

through intercoronary and extracardiac col- 

lateral circulation established by the surgical 

procedures. Finally, the cardiac improvement 

could arise from the early protection that the 

procedures might give against ventricular 

fibrillation in the presence of coronary oc- 

clusion, and without change in collateral blood 

flow, thus allowing time for additional col- 

lateral circulation to develop and sustain the 

heart. 

Let us now consider the available experi- 
mental data that may help to indicate which 

of these three physiologic possibilities is used 

to protect the heart against coronary occlusion 

ii the presence of surgical maneuvers. There 

ere no critical experiments to indicate that 

ith the acute coronary venous maneuvers 
rotection against fibrillation is supplied by 

ood flowing in a retrograde direction from 

onary vein to coronary capillary to ven- 

icular cavity. Acute perfusion of the coronary 

nus with arterial blood at or near mean aortic 

‘essure, or acute ligation of the coronary sinus, 

ach case being followed by acute ligation of 

the left coronary ramus, is characterized by 

venous congestion of the left heart with an 

increased coronary venous pressure equal or 
equivalent to the aortic pressure, a diffuse 

myocardial hemorrhage (with the exception of 

the septum which remains pink in color), and 

a sizable reduction in left coronary inflow.‘ 

When the peripheral portion of the occluded 

coronary artery is permitted to bleed ex- 

ternally, the volume of back flow (15 to 26 

ml./min.) of highly reduced blood is increased 

greatly over that following acute ligation of the 

coronary artery alone; this blood can be shown 

to have traversed the capillary bed of the 

occluded coronary artery in a reverse direction. 

There is no proof, however, that when the 

ligated coronary artery is not permitted to 

bleed externally, flow from the superficial 

coronary veins will be diverted through the 

capillary bed of the left myocardium. Actually, 
the development of extreme myocardial 

embarrassment, together with the fact that 

most of left coronary artery inflow and the 

blood entering the coronary sinus from the 

shunt can now be recovered in the anterior 

cardiac veins of the right ventricle, strongly 

suggests, but does not prove, that the deep 

ventricular drainage channels are not used. 

Hearts in which either chronic ligation or 

arterialization of the coronary sinus has been 

combined with chronic ligation of the coronary 

artery have given no further evidence on the 

possibility of utilizing deep drainage channels 

of the heart or developing superficial collateral 
circulation. The coronary hemodynamic status 

is very similar to that following chronic ligation 

of the coronary artery alone; that is, the 

retrograde flow into the occluded coronary 

artery, which was initially highly venous, is 

now large in volume, arterial in type, and 

arises in the other coronary arteries.* 

Studies'® on dogs prepared by the Beck 

technic with a long-term aorta-coronary sinus 

shunt have given some positive evidence on 

the mode of protection against subsequent 

acute ligation of the coronary artery. If, up to 

five weeks after the second stage of the opera- 

tion, a major coronary branch is occluded 

acutely and then its peripheral end is_per- 

mitted to bleed, flow from the graft through 
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the collateral bed is considerable and the blood 

is highly unsaturated. This collateral flow with 

the graft open is greater than with it clamped, 

thus indicating that the graft continues to 

function. However, when the fistula is clamped 

acutely, collateral blood flow from the acutely 

closed coronary artery is now arterial in type 

and exceeds in volume the 2 to 3 ml. draining 
from an acute ligation of the coronary artery 

alone. Dogs studied in this way after more 

than five weeks and up to 1 year after coronary 

sinus arterializa'ion show still further increase 

in collateral flow; the blood is now arterial and 
clamping of the graft does not affect retrograde 

flow, indicating that the graft has lost fune- 

tional contact with the coronary bed. Most of 

the blood can be shown to come from the other 

coronary arteries, and its volume is far in 

excess of that which obtains in the normal 

dog in which a coronary ramus has been 

acutely ligated. In addition, injection studies in 
such hearts show an increase in the anatomic 

vascular bed. These observations, recently 

confirmed, suggest that arterialization of the 

coronary sinus has stimulated intercoronary 

artery collateral development which functions 

for some time in the presence of nonligated 

coronary arteries. As indicated in table 1, 

there is also considerable evidence to suggest 

that a similar augmentation of anatomic and 

functional collateral vessels follows the chronic 

induction of the various maneuvers indicated, 

including chronic anemia and sham operations. 

However, one must emphasize that with none 

of these procedures is the injected anatomic 

collateral bed or the retrograde flow of the 

order of magnitude observed with chronic 

ligation of the coronary artery alone. With 

chronic ligation of the coronary artery, this 

back flow approximates 60 to 80 ml./min.; 

with the coronary venous maneuvers, 12 

ml./min.; with the other procedures, & to 9 

ml./min.; with acute ligation of the coronary 
artery alone, 3 ml./min. 

From the preceding discussion, it would 

appear that a number of surgical procedures 

give a certain degree of immediate and sus- 

tained protection against subsequent ligation 
of a major coronary ramus. Chronic coronary 

venous maneuvers, local application of myo- 

cardial irritants and of extracardiac tissue, an] 

induction of anemia cause considerable d.- 

velopment of anatomic collateral vessels an: , 

apparently, also of functionally — significa: t 
coronary artery anastomoses, as shown by tl ; 

considerable increase in retrograde flow when 

coronary artery branch is now acutely ligat« 

and permitted to bleed. However, one mu 

emphasize with equal vigor the uncerta 

aspects of these experiments. Our analys s 

demonstrates only that collateral developme: 

occurs on the arterial side of the corona ; 

circuit and presumably at the arteriolar leve , 

but it does not necessarily show that the bloc | 

collected from retrograde bleeding of the 

centrally occluded coronary artery has tray - 

ersed the capillary bed of that artery when th» 

artery is not permitted to bleed. If it did 

traverse the capillary bed, it could at most 

supply about 7 per cent of the oxygen normally 

available to that region. If it is this volume of 

oxvgen that gives protection against fibrillation 

and death, then the factor of safety supplied 

by the maneuvers is small, for in a heart with 

an acutely ligated coronary artery alone the 

estimated oxygen supply to the potentially 

infarcted zone is 3 per cent of normal, and most 

of these hearts die. The measurement of change 

in capillary blood flow following these maneu- 

vers that might yield conclusive proof of the 

functioning of the collateral bed, to our 

knowledge, has never been made. In the case of 

such procedures as coronary sinus ligation and 

arterialization or application of epicardial 

irritants, it does not seem to be possible to do 

this experimentally. However, the effectiveness 

of a skin pedicle flap, an artery implant, or an 

intestinal loop in promoting capillary flow 

through the potentially infarcted myocardium 

might be tested in the chronic situation by 

observing the change in coronary sinus flow 

before and after clamping of the extracardiac 

potential source of blood. Actually, in our 

laboratory in 2 dogs with chronic skin pedicle 

flaps applied to the left ventricle, subsequent 
clamping of the pedicles did not change th> 

coronary sinus flow. This might seem to be 
critical experiment, since there is no questio | 

about the establishment of vascular continuit ° 

between extracardiac tissue and the myc- 
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« rdium; nevertheless, the beneficial effect of 

| e graft may still be attributable to its acting 
a bridge between the branches of one 

. ronary artery and those of another, so that 

» umping of the extracardiac tissue would not 

er flow of the coronary sinus. The fact that 

equivalent intracardiac collateral develop- 
, ent appears to follow a sham operation, also 

 ises the question of the specificity of any of 

ese maneuvers. Since in most instances 

lath follows coronary artery ligation within 

hours, we must still entertain seriously the 
ird physiologic possibility mentioned earlier: 

iat the benefits of reduced mortality and 
ii faretion arise in part from the protection 
that the procedures themselves might give 

against ventricular fibrillation in the presence of 
coronary occlusion (that is, without an im- 

mediate increase in retrograde flow), thus 

giving additional time for collateral circulation 

to develop and sustain the heart. 

Since these surgical procedures afford pro- 

tection to the dog heart against subsequent 

coronary artery ligation, it is possible that they 
might protect the human heart if used pro- 

phylactically. However, it does not necessarily 

follow that they will be of positive benefit to 

human beings with occlusive coronary artery 

disease. This view arises from a number of 

considerations, chief of which is that in these 

experimental studies coronary artery ligation 
was always preceded by the surgical maneuver, 

whereas in the human being, there is time after 

acute coronary artery occlusion for natural 

maximal collateral development before the 
surgeon attempts to arterialize the coronary 

sinus, 
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Schoenmacker, J., and Stratman, E.: The Coronary 

Vessels and the Myocardium in Congenital 

Cardiovascular Lesions. Arch. f. Kreislaufforsch. 
22: 153 (May), 1955. 
Histologic and angiographic postmortem studies 

are reported in 60 cases with various types of con- 
genital heart disease (47 cyanotic) and in 37 con- 
trols. In general, the shape and size of a congenitally 
malformed heart are determined by the location and 
severity of the lesion and the extent of associated 
intracardiac and extracardiac shunts. The coronary 
vessels usually do not differ in their over-all dis- 
tribution from normal, but they are wider (including 

the capillaries) and reveal many intracardiac and 
extracardiac anastomoses. Histologically, the ar- 
terial wall shows abnormalities consisting in doubling 
of the muscular layer and fissures apparently sec- 
ondary to contraction of the muscular arteries dur- 
ing death. Cardiac veins are hypertrophic in all 
cases with pressure elevation in the right heart, as 
similarly found in mitral stenosis. This may be a 
factor responsible for the rare occurrence of myo- 
cardial fibrosis in congenital heart disease. In 53 
instances, numerous nervous elements were found in 
the myocardium, usually in aggregates, in contrast 
to their rarity in the control cases. 

The authors conclude that dilated and hyper- 
trophic coronary arteries and veins, wide capillaries, 
well-developed anastomoses and a marked tendency 
to hypertrophy of the right ventricle are the mor- 
phologic factors which, in young individuals with 
congenital heart disease, prevent development of 
chronic congestive heart failure. 

Pick 

Gubbay, E. R.: Isolated Congenital Dextrocardia. 

Am. Heart J. 50: 356 (Sept.), 1955. 
The author presents a case of isolated dextro- 

cardia with a functionally normal heart. In isolated 
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dextrocardia, if the arch of the aorta is left-sided 
and P, is erect, then the chambers of the heart are 
not inverted. The spatial relations of the spatial 
QRS and T vectors on the frontal plane are also 
discussed in this condition. A second case, apparently 
of isolated dextrocardia, is described and is con- 
trasted with the general pattern obtained. 

RINZLER 

Kohout, F. W., Silber, E. N., Schlichter, J. G., and 

Katz, L. N.: The Dynamics of the Eisenmenger 
Complex. II. Am. Heart J. 50: 337 (Sept.), 1955. 
A study was made of 20 cases of the Eisenmenger 

syndrome, subjected to catheterization. The physi- 
ology of the Eisenmenger syndrome may be sum- 
marized briefly as consisting essentially of inter- 
ventricular septal defect wherein the muscular 
contraction is the major dynamic factor, with a 

large number of as yet undefined factors in addition. 
An explanation of the pathophysiology of the Eisen- 
menger syndrome is untenable merely on a simple 
hydraulic principle of two circuits of unequal re- 
sistance. The increased pulmonary resistance 
present in this anomaly is of purely fortuitous oc- 
currence. It is most probable that inflammatory 
changes or a co-existent, congenital anomaly is 
responsible for the derangement of the pulmonary 
circuit. The rapidity and degree of these changes 
determine whether any given case presents a partis! 
or complete picture of the Eisenmenger syndrome 
or remains an uncomplicated interventricular sept: 
defect. 

RINZLER 

Pinto, I. J.: The Clinical Syndromes in Paten 

Ductus Arteriosus. Am. Heart J. 50: 1 (July 
1955. 
Cases of patent ductus arteriosus were classifie: 

according to auscultatory findings. The size of th 
ductus was evaluated according to the acousti 
findings and the urgency for surgery indicated. I 
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es belonging to group A, type 1, there is a con- 
ious murmur at the pulmonary area, indicating 
hunt across the ductus both in systole and di- 
ile. The volume of flow across the shunt is not 
icient to cause an apical diastolic murmur. Op- 
tion in these cases is indicated because of the 
iger of subacute bacterial endocarditis. 
‘ases in group B, type la, have an atypical mur- 
r at the pulmonary area. This alteration of the 
\tinuous murmur is the result of an elevated pul- 
nary arterial pressure. These cases should be 
rated on as early as possible, since pulmonary 
pertension is progressive and terminates in right 
it failure. Surgical correction has, in some cases, 
| to a return of the pulmonary arterial pressures 
normal. 
Cases in group A, type 2, and group B, type 2, 
ve in common an apical diastolic murmur. This 

indicates a large volume of shunt across the ductus. 
In group A, type 2, the aortic-pulmonary pressure 
gradient exists both in systole and diastole, while 
in group B, type 2, the aortic-pulmonary pressure 
gradient permits a flow only in systole. Thus, a 
large shunt occurs in systole only. This could only 
result from the presence of a ductus of a large diam- 
eter. A diastolic murmur at the apex denotes a 
large left-to-right shunt through a large ductus. In 
infants belonging to this group, surgical correction 
is a lifesaving procedure. In all cases of patent ductus 
arteriosus with an apical diastolic murmur, surgical 
correction is an urgent procedure. 

RINZLER 

Van Lingen, B., and Bauersfeld, S. R.: The Elec- 

trocardiogram in Ebstein’s Anomaly of the 

Tricuspid Valve. Am. Heart J. 50: 13 (July), 1955. 
The electrocardiograms of 8 cases of Ebstein’s 

anomaly of the tricuspid valve have been studied. 
These were characterized by complete right bundle 
branch block in all cases, and by small deflections 
(R, R’, and R + S) in leads V; and commonly in 

leads Vo, V3, V4. Tall and prolonged P waves oc- 
curred commonly, and were considered to be evi- 
dence of right atrial hypertrophy and dilatation. 
Prolongation of the P-R interval and supraven- 
tricular tachycardia were also observed. It was con- 
sidered that the small deflections of the QRS com- 
lex in the right chest leads were due to the thinness 

’ the proximal chamber of the right ventricle, 
hich is a characteristic and constant feature of 
bstein’s disease. This feature of the electrocardio- 
‘am in Ebstein’s anomaly is only rarely found in 
mmplete or incomplete right bundle branch block 
om other causes, and is believed to be of value in 
ie diagnosis of this condition. The association of 
sctrocardiographic evidence of right atrial hyper- 
ophy in the absence of evidence of right ventricu- 
r hypertrophy (small R or R’ waves in the right 
iest leads) is uncommon in other types of congeni- 

tal heart disease and is a characteristic feature of 
Ebstein’s anomaly. 

RINZLER 

Ober, W. B., and Moore, T. E., Jr.: Congenital 

Cardiac Malformations in the Neonatal Period. 
An Autopsy Study. New England J. Med. 253: 
271 (Aug. 19), 1955. 
The report is concerned with a review of 100 au- 

topsies drawn from 1,665 examinations at the 
Boston Lying-in Hospital over a 23 year period 
during which 100,000 babies were born, and autopsies 
were performed on 60 per cent of those who died 
during the first month. The anomalies encountered 
most frequently were transposition of the great 
vessels, interventricular septal defect, cor triloculare 
and biloculare, coarctation of the aorta, endocardial 
sclerosis, interatrial septal defect, persistent truncus 
arteriosus and tetralogy of Fallot. Few lesions in- 
volved the pulmonic or aortic valves. Of the 100 
cases studied, 64 were male and 36 were female. All 
13 cases of complete transposition of the great ves- 
sels were males, as were 6 of 7 cases of endocardial 
sclerosis. Increased survival during the first month 
of life did not appear to be associated with any 
particular type of malformation. Of 9 stillborn in- 
fants, the primary lesion in 5 cases was a large inter- 
ventricular septal defect. Seven infants, including 4 
stillborn children, had severe anomalies of other 
systems in addition to the cardiovascular malforma- 
tions. There were 11 cases of coarctation of the 
aorta, 6 of the infantile type, 3 of the adult type, 
and 2 with coarctation of the ascending aorta and 
arch; the ductus arteriosus was patent in all of them, 
and almost all of these infants died in congestive 
failure. In all 5 cases of fibroelastosis, one or more of 
the 4 valves were involved. Interventricular septal 
defect occurred as the only lesion in 6 cases and in 
association with other cardiac anomalies in 9 in- 
stances. There were 6 infants with interatrial septal 
defects, 4 of which were unassociated with any other 
cardiac anomalies. On the basis of clinical features 
it appeared diificult to predict the type of congenital 
cardiac anomaly to be found at autopsy in these 
infants dying in the neonatal period. Cyanosis 
seemed most intense in those infants with complete 
transposition of the great vessels without intra- 
cardiac shunts. Cyanosis was less constant in in- 
fants with tetralogy of Fallot or defect of the inter- 
atrial septum. The heart weight was nearly always 
increased in relation to body weight. 

RosENBAUM 

Robicsek, F.: Post-Stenotic Dilatation of the Great 
Vessels. Acta med. scandinav. 151: 481 (June 
18), 1955. 
Various studies were performed to determine the 

mechanism whereby poststenotic dilatation of ves- 
sels occurs}. particularly as it is seen clinically in 
pulmonic stenosis and coarctation of the aorta. 
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Studies on models + ade of glass and of rubber 
showed no evidence o local rise in pressure in the 
area distal to the constriction. Catheterization 
studies in pulmonic stenosis and coarctation of the 
aorta have shown low pressures in the areas of post- 
stenotic dilatation and !n the adjoining undilated 
sections of the vessel in. 'ved. The characteristics 
of flow of duid in a modei . zlass simulating aortic 
coarctation were studied, w'ch a dye injected into 
the system at intervals. 

It was found that (1) the fluid passes through the 
constricted and immediately subjacent parts of the 
system in the form of a homogeneous column (me- 

chanical constriction is followed by a so-called dy- 
namical constriction), (2) active turbulence can be 
seen in the poststenotic region and (3) the particles 
of fluid remain in the poststenotic region for pro- 
longed periods of time and are in turbulent motion. 

Histologic study of the vascular wall, from the 
zone of poststenotic dilatation, has disclosed that 
the elastic elements of the media are defective in 
parts, and there are extensive areas of increased 
fragility. 

It has been observed that poststenotic dilatation 
is more apt to occur where the stenosis involves 
only a short section of the vessel and there is a sud- 
den increase in the vascular lumen, whereas it is 
uncommon where the stenosis is of the infundibular 
type and there is a gradual increase in the vascular 
lumen. 

It is concluded that in cases of localized stenosis 
of the great vessels, there is a considerable turbu- 
lence that leads to a loss of energy and causes ex- 
tensive damage to the vascular wall. As a result of 
this turbulent flow, the elastic elements in the vascu- 
lar wall distal to the stenosis are damaged, and the 
blood pressure in this area brings about dilatation 
at the site of reduced resistance. 

ROSENBAUM 

Steinberg, I., and Geller, W.: Aneurysmal Dilata- 
tion of Aortic Sinuses in Arachnodactyly: 

Diagnosis During Life in Three Cases. Ann. Int. 
Med. 43: 120 (July), 1955. 
Arachnodactyly (Marfan’s syndrome) is a rare 

hereditary disease of unknown etiology. It is char- 
acterized by widespread malformations of the skele- 
tal, cardiovascular, and ophthalmic systems. Medial 
degeneration of the aorta and, rarely, of the pul- 
monary artery is a constant finding. Aneurysmal 
dilatation of the ascending aorta, with dissection 
and rupture and aortic regurgitation and heart 
failure, is a frequent cause of death. Fibromyxoma- 
tous endocardial lesions are also common and may 
produce murmurs of valvular stenosis or regurgita- 
tion. The demonstration during life of an aneurysm 
in the sinus of Valsalva in a patient with arachno- 
dactyly has hitherto not been reported. Angio- 
cardiographic study of 3 consecutive patients with 
arachnodactyly disclosed aneurysmal dilatation of 

the aortic sinuses in each instance. The first p 
tient, a man of 40 years, was asymptomatic in spi 

of cardiac enlargement of 6 years’ duration. Tle 
second patient, a 47 year old woman, had sudd 
onset of chest pain followed by dyspnea and wea! 
ness; on examination, aortic regurgitation, mil! 
congestive failure and enlargement of the heart we: > 
found. The third patient was also asymptomati ; 
a systolic apical cardiac murmur increased in i: 
tensity over a 6 year period; no enlargement of t! 
heart was present, however. 

WENDKOS 

CORONARY ARTERY DISEASE 

McQuay, N. W., Edwards, J. E., and Burchel 

H. B.: Types of Death in Acute Myocardial In 
farction. Arch Int. Med. 96: 1 (July), 1955. 
An analysis was made of 133 cases, in which th 

patients died of acute myocardial infarction in th: 
hospital. Necropsy was performed in each case. Th: 
three major causes of death were myocardial failure 
which occurred in 43 per cent, coronary failure 
which occurred in 23 per cent and rupture of th: 
heart, which occurred in 15 per cent. A factor in 
fluencing the occurrence of myocardial failure was 
previous myocardial infarction. Coronary failure, a 
term used to designate a syndrome of recurrent pain 
after acute infarction, but without recurrent infarc 
tion, occurred in 23 per cent of the patients. In this 
group, the acute infarct was subendocardial in a 
greater number of cases than in the entire series. 
Rupture of the heart was observed only in patients 
having transmural infarction. Women were pre- 
dominant among those with rupture of the heart. 
This complication did not differ significantly in 
incidence between patients receiving anticoagulant 
therapy and those who did not. Major emboli oc- 
curred in 6 per cent of the patients. One half of these 
emboli were pulmonary and one half were systemic. 

BERNSTEIN 

Russek, H. I., Urbach, K. F., and Zohman, B. L.: 
Paradoxical Action of Glyceryl Trinitrate (Nitro- 
glycerin) in Coronary Patients. J. A. M. A. 158: 
1017 (July 23), 1955. 
For more than 75 years, no drug has proved su- 

perior to nitroglycerin in treatment of angina 
pectoris. On the other hand, clinical experience has 
proved that nitrites are not always followed by 
clinical improvement and may even cause untowar«( 
effects. The study of the effect of varying doses of 
glyceryl trinitrate (0.2 to 1.2 mg.), 1/300 to 1/50 
gr. on electrocardiographic response to standar’ 
exercise was undertaken in 158 patients with coro 
nary disease who showed consistently positiv: 
changes in control studies. With the dose of 0.4 mg 
(1/150 gr.) given sublingually 5 minutes befor 
exercise, 131 patients (83 per cent) responde: 
favorably. Eleven patients, or 7 per cent, showed n 
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: gnificant effect from the drug. Sixteen patients (10 
er cent) demonstrated even greater abnormalities 
ian were apparent in the electrocardiographic 
cords of control tests. The study appears to indi- 
ite that individualization of dosage is important. 
n the 16 patients who responded paradoxically to 
1e drug when given exercise tests, the following ob- 
srvations were made: 1. Such electrocardiographic 
anges induced by glyceryl trinitrate were similar 

o those that were recorded in the performance of 
he Master two-step test. 2. Paradoxic response to 
lyceryl trinitrate is caused by venous pooling in the 
ywer extremities, diminished venous return to the 
eart, and reduced coronary blood flow in spite of 
oncomitant corouary vasodilatation. In some cases, 
hange from the recumbent to the erect posture pro- 
juced electrocardiographic alterations similar to 
hose evoked by the drug. Elastic bandages on the 
ower extremities prevented the changes occurring 
m standing. 3. The action of glyceryl trinitrate on 
he venous system may have therapeutic applica- 
ion in the prophylaxis and treatment of acute con- 
restive heart failure where decrease in venous re- 
turn and diminution in heart size are important 
therapeutic objectives. 4. It should be appreciated 
that the drug may have adverse effects in angina 
pectoris. The optimum dosage for most patients is 
0.2 to 0.3 mg., or 1/300 to 1/200 gr., sublingually. 
Acute myocardial infarction is more than a theoretic 
danger from overdosage during treatment of the 
anginal attack. 

KiITCHELL 

Rinzler, S. H., Travell, J., and Karp, D.: Detection 

of Coronary Atherosclerosis in the Living Animal 

by the Ergonovine Stress Test. Science 121: 900 
(June 24), 1955. 
The ergonovine stress test has been said to pro- 

duce electrocardiographic changes indicative of 
coronary artery disease in patients with angina. In 
this study, rabbits were fed a high-cholesterol diet 
and were subjected to the ergonovine stress test at 
periodic intervals. 

Extensive occlusive coronary atherosclerosis, with 
myocardial damage, was present in the cholesterol- 
fed rabbits as compared to the control animals. 
There was a strong correlation between electro- 
cardiographic changes after ergonovine and the 
presence of coronary atherosclerosis. The authors 
suggest that the ergonovine test may be a new ex- 
perimental procedure for the study of coronary 
urtery disease in the living animal. 

WAIFE 

CONGESTIVE HEART FAILURE 

Wohl, M. G., Shuman, C. R., and Alper, C.: Nutri- 
tional and Metabolic Aspects of Congestive Heart 
Faiiure. Arch. Int. Med. 96: 11 (July), 1955. 
The ability of the heart to fulfill its function in 

naintaining circulation can be materially influenced 

by diet. By appropriate dietary regulation, using 
subcaloric feedings in acute failure, the work of the 
heart is reduced, thereby increasing blood flow, 
lowering the blood pressure, slowing the heart rate, 
increasing vital capacity, and inducing diuresis. The 
restriction of dietary sodium is a basic step in avoid- 
ing fluid retention due to impairment of renal 
sodium excretion. Effort should be made to assure 
adequate potassium tissue stores by the periodic 
administration of potassium salts to cases of chronic 
heart failure. Supplemental vitamin therapy is re- 
quired, as shown b, the presence of low tissue vita- 
min stores in heart failure, and the high rates of 
vitamin excretion during diuresis. The assurance of 
an adequate protein intake is urgently needed in the 
hope of avoiding the evidences of protein malnutri- 
tion that eventually appear in so many of these 
patients. 

BERNSTEIN 

Bernath, J., Guillemot, R., Samuel, P., and Heim 

De Balsac, R.: Vena Cava Inferior Ligation in 

Congestive Heart Failure. Am. Heart J. 50: 112 
(July), 1955. 
One hundred patients with cardiac decompensa- 

tion were treated by ligation of the inferior vena 
cava Dyspnea was improved immediately after 
operation. Hepatomegaly and peripheral edema then 
disappeared. The major indications for the pro- 
cedure were mitral disease and combined mitral and 
aortic disease. Absolute contraindications were con- 
sidered to be cardiac disorders with high output 
(chronic cor pulmonale, thyrotoxicosis) as well as 
certain valvular lesions with marked restriction of 
the circulation (as in advanced aortic stenosis). The 
mortality during the first postoperative year was 
23 per cent. The survival rate, after the first year 
was 60 per cent; after the second, 49 per cent; after 
the third, 40 per cent; and after the fourth and 
fifth, 33 per cent. 

RINZLER 

Olmstead, E., Cassidy, J. E., and Murphy, F. D.: The 
Use of Beer in the Low-Salt Diet with Special 

Reference to Renal Disease. Am. J. M. Sc. 230: 
49 (July), 1955. 
Beer with a high-caloric and low-sodium content 

was used in the low-salt diet of patients with renal 
disease. The patients under observation on calcu- 
lated diets, with and without beer, included those 
with chronic glomerulonephritis, | Kimmelstiel- 
Wilson’s disease, and malignant hypertension. The 
fluid intake was restricted to 2000 ml. daily. The 
nutritional content of beer (1150 ml.) is given as 
calories (480), protein (3.20 Gm.), carbohydrate 
(50 Gm.), alcohol (40 Gm.), sodium negative. The 
beer-added diet was well tolerated and was regarded 
as more palatable than the regular hospital low- 
sodium diet. There was no clinical or laboratory evi- 
dence of increased deterioration in the renal process. 
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The added beer did not provide clinical improve- 
ment. One patient receiving the beer-added diet for 
one year showed no untoward effect from this 
regimen. 

SHUMAN 

ELECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY, AND BALLISTO- 

CARDIOGRAPHY 

Carlsten, A., Clemedson, C. J., and Hultman, H. 

I. S.: The Electrocardiogram of Rabbits in Blast 

Injury. Acta physiol. scandinay. 33: 243 (June), 
1955. 
The electrocardiographic changes in blast injury 

of rabbits are variable. An instantaneous, transient, 
and often pronounced, sinus bradycardia and a 
lowering of the voltage are found in almost every 
case. They are due to reflexes from the damaged 
lungs and partly from the carotid sinus. Intracardiac 
damage may be responsible for the low voltage, also 
the premature beats, depression of S-T segment, and 
atrial fibrillation. Some of the changes are not mani- 
fested until several minutes to some days after the 
detonation. 

AVIADO 

Bruce, R.: Ventricular Tachycardia following Exer- 

cise in a Case of Angina Pectoris. Brit. M. J. 1: 
892 (April 9), 1955. 

A 46 year old man, with angina pectoris and a 
normal electrocardiogram before and after exercise 
test, developed what was almost certainly ventricu- 
lar fibrillation (flutter, if you will), with an average 
cardiac rate of 330 per minute. This reverted 
promptly without specific measures. 

McKusick 

Huppert, V. F., and Berliner, K.: The Intraventricu- 

lar Conduction Time (QRS Duration) of Ven- 
tricular Premature Systoles. Cardiologia 27: 87 
(Fase. 2), 1955. 
In 148 cases, in all age groups, the contour and 

QRS duration of premature systoles of ventricular 
origin were analyzed. Neither widening nor bizarre- 
ness of QRS is essential to diagnose ventricular pre- 
mature systoles. The QRS duration is sometimes 
difficult to determine because of superposition of 
the sinus P wave on the initial or terminal portion of 
the ectopic beat. The patient’s age has an influence 
on the QRS duration of the premature beats. In no 
case under 21 years, was QRS more than 0.15 sec., 
and in none over 66 years was it shorter than 0.10 
sec. No relationship could be established between 
QRS duration of ventricular premature systoles on 
the one hand and their degree of prematurity or the 
duration of QRS in the normal beats, on the other 
hand. 

Pick 

Mumenthaler, M.: Electrokymography and Its Ap- 

plication in the Study of Gallop Rhythm. Cardio- 
logia 26: 321 (Fasc. 6), 1955. 
Methods of investigation are reviewed concerning 

the mechanical aspects of the heart action, with 
special reference to electrokymography. In 10 of 20 
personally observed cases with gallop rhythm, 
electrokymograms showed certain distortions that 
coincided with the pathologic third heart sound. The 
hypothesis is advanced that during certain phases of 
the cycle, the heart muscle is physiologically predis- 
posed to abrupt changes in tone. In the failing heart, 
hemodynamic or muscular (metabolic) factors ag- 
gravate or facilitate the occurrence of this tonus 
alteration in the same portion of the cycle. The 
additional sound in gallop rhythm is thought to 
represent the acoustic manifestation of such abrupt 
changes in tone. 

Pick 

Schott, A.: Disorders of Auricular Rhythm Asso- 

ciated with Bundle Branch Block Simulating 

Ectopic Ventricular Tachycardia. With Observa- 

tions on Intermittent Bundle Branch Block. 

Cardiologia 26: 353 (Fasc. 6), 1955. 
Three cases of supraventricular (atrial) tachy- 

cardia, with impairment of intraventricular conduc- 
tion, which might have been interpreted erroneously 
as paroxysmal ventricular tachycardia, are pre- 
sented. In the first case atrial flutter with ventricular 
response varying between 2:1 and 3:1 was asso- 
ciated with an intermittent type of intraventricular 
block. In the other two cases, comparison with 
previous or subsequent records established the diag- 
nosis of intermittent intraventricular block in the 
presence of atrial fibrillation. 

The three criteria considered characteristic of a 
ventricular origin of a paroxysmal tachycardia, 
namely, irregularity of the ventricularrhythm, wid- 
ened QRS complexes, and a slower independent 
atrial rhythm, can no longer be considered conclu- 
sive. The cases presented are examples invalidating 

the first two criteria, whereas the third is contra- 
dicted by numerous instances of proved supraven- 
tricular tachycardia reported previously in the 
literature. 

Pick 

Zanchi, M., and Lenégre, J.: Histologic Lesions 

of the Tawara-His System and Its Branches. 

Cardiologia 27: 1 (Fase. 1), 1955. 
Histologic lesions of the conduction system in 29 

cases with disturbances of A-V and intraventricular 
conduction were studied with a dissection technic 
described previously. In the A-V node and common 
bundle, both vascular and inflammatory lesions 
have the morphologic characteristics encountered 
in other parts of the myocardium. Rheumatic lesions 
of the left bundle branch are circumscribed, and 
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cated at or near the bifurcation, whereas vascular 
schemic or fibrotic) lesions tend to affect the periph- 
‘al part of the bundle, and often lead to its com- 
ression, sometimes by development of calcifica- 
ons. The right bundle branch may be affected in 
s entire course by either inflammatory or vascular 
sions. The latter represent extensions of confluent 
»ptal infarctions, or may be part of a diffuse sclero- 
is of subendocardial or deeper myocardial layers. 
A comparative study of electrocardiographie al- 
‘rations and histologic changes in the conduction 
ystem shows a good correlation as to the time of 
volution and the morphologic type of the lesion. 

Pick 

sross, D.: The Auricular T wave and Its Correla- 

tion to the Cardiac Rate and to the P Wave. Am. 
Heart J. 50: 24 (July), 1955. 
Displacement of the P-R interval, the only visible 

ection of the atrial T wave in the normal electro- 
eardiogram, has been studied with special reference 
io th- cardiac rate. Displacement of the P-T, seg- 
ment is determined by the cardiac rate and the area 
of the P wave. The P-T, segment is practically in- 
visible at cardiac rates below 70 beats per minute; 
it becomes increasingly visible from 71 to 90, and 
at rates over 90, it is constantly present. The average 
displacement of the P-T, segment increases with 

increasing cardiac rates. The height and the area of 
the P wave present a direct correlation both with 
the incidence and the degree of displacement of the 
P-T, segment, independently of the cardiac rate. 
With P waves less than 400 microvolt seconds, the 

P-T, segment is visible only occasionally; above the 
level of S00 microvolt seconds, a P-T, segment is 

constantly visible. In the middle zone, from 400 
to 800 microvolt seconds, the P-T,, segment becomes 

increasingly visible. Displacement of the P-T, seg- 
ment is a physiologic phenomenon and is found con- 
stantly in the normal electrocardiogram under 
established conditions, and is therefore devoid of 
clinical and pathologic significance. 

RINZLER 

Rosenbaum, M. B., and Lepeschkin, E.: Bilateral 

Bundle Branch Block. Am. Heart J. 50: 38 (July), 
1955. 
An electrocardiographic diagnosis of bilateral 

bundle branch block can be made in rare instances 
in which conduction in the branches is not completely 
interrupted and the degree of block in one of the 
»ranches is less than in the other on some occasions 
and greater on others. This allows the patterns of 
‘ight and left bundle branch block to appear al- 
ternately or intermittently in the same patient. 
[wo new cases of this type are reported and seven 
imilar ones in the literature are discussed. While 
he incidence of definitely proved bilateral bundle 
ranch block is very small, the great incidence of 

unilateral bundle branch block suggests that many 
cases of complete A-V block, attributed to a con- 
duction disturbance in the A-V node or the common 
stem of the bundle are, in reality, caused by bi- 
lateral bundle branch block. In seven of the nine 
cases of definite bilateral bundle branch block, al- 
ternation of the right and left bundle branch block 
patterns was present at some time. The most prob- 
able explanation was considered to be 2:1 block in 
one of the branches and a constantly delayed con- 
duction in the other branch. Conduction in the 
branches behaves in the same way as in the rest of 
the conduction system. True bilateral bundle branch 
block must necessarily prolong the A-V conduction 
time. The form of the ventricular complex is deter- 
mined by the branch with the greater degree of 
block, while the conduction delay in the branch in 
which the block is less important determines 
the lengthening of the P-R interval. This must be 
so because the stimulus reaches the ventricles 
through the less affected branch. In true bilateral 
bundle branch block, the intrinsicoid deflection of 
the ventricular complex is delayed only on the side 
of the chest corresponding to the more affected 
branch, and is within normal limits on the opposite 
side. Cases in which the intrinsicoid deflection is 
delayed over both ventricles probably represent an 
association of true bundle branch block with an 
intraparietal-conduction disturbance of the contra- 
lateral ventricle. 

RINZLER 

Christensen, L. K., and Andersen, E. W.: Reciprocal 

Rhythm with Prolonged Ventricular Bigeminy. 

Acta medica scandinav. 151:.465-472 (June 18), 
1955. 

An elderly man was observed over a period of 
seven years. On several occasions he had atrio- 
ventricular rhythm with reciprocal beating. On one 
occasion, during and after anesthesia for a urologic 
procedure, there was constant bigeminy and recipro- 
cal rhythm for 12 hours. On one occasion interven- 
ing reciprocal beats produced a trigeminal rhythm. 
The bigeminal reciprocal rhythm is said to be the 
longest recorded period of such rhythm. It is said 
that the factors leading to atrioventricular rhythm 
also lead to reciprocal rhythm when they are acting 
more intensely. Increased vagal tone, which intensi- 
fies the retrograde block in the atrioventricular 
node to the point that the impulse returning to the 
ventricles is delayed until it finds the ventricle in a 
responsive state, is considered the most important 
factor producing this disorder. In the electrocardio- 
grams recorded in this patient, the retrograde P 
waves were upright in leads IT and III, instead of 
negative, as is usually the case in atrioventricular 
nodal rhythm, except as the anesthesia deepened. 
The authors express the opinion that the P waves in 
nodal rhythm need not be inverted in leads II and 
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III, but need only to be changed from the normal 
atrial complex. 

RosENBAUM 

Chelton, L. G., and Burchell, H. B.: Unusual RT 
Segment Deviations in Electrocardiograms of 

Normal Patients. Am. J. M. Sc. 230: 54 (July), 
1955. 
The clinical and electrocardiographic data were 

analyzed in 100 patients with tracings in which the 
RT segments showed an elevation of 1 mm. or more 
in standard or precordial leads. Such records may be 
interpreted as indicative of heart disease or peri- 
carditis; however, adequate clinical correlation and 
subsequent tracings may establish the absence of 
abnormal changes. The elevation frequently pre- 
sented is a U-shaped connection between the R and 
T waves, usually maximal in V, and V; positions, 
occasionally as high as 3 mm. or more. The QT in- 
dex and other electrocardiographic periods were 
normal. The mean spatial vector of sustained sys- 
tolic potential was directed inferiorly, anteriorly, and 
to the left in all cases. 

No demonstrable heart disease was found in 82 
per cent. The remaining 18 per cent had heart le- 
sions that were not believed to be responsible for 
this type of tracing. There were 46 per cent of the 
group who presented functional symptoms. Anterior 
chest wall pain was noted in 32 patients. It is es- 
sential that this normal pattern be distinguished 
from that associated with pericardial or myocardial 
diseases. Exercise causes the elevated RT segment 
to return to the baseline. The elevation may be ex- 
plained by early repolarization of the subepimyo- 
cardium before completion of ventricular depolariza- 
tion. 

SHUMAN 

Schott, J., Jacobi, M., and Wald, M. A.: Electro- 
cardiographic Patterns in the Differential Diag- 
nosis of Progressive Muscular Dystrophy. Am. 

J. M. Se. 229: 517 (May), 1955. 
Electrocardiographic findings in 9 cases of pro- 

gressive muscular dystrophy are presented. Of 
these, 6 are of the pseudohypertrophic type. The 
significant electrocardiographic feature in this 
series was the occurrence of high voltage QRS 
complexes in one or more of the precordial leads. In 
4 of the 6 cases of the pseudohypertrophic type, the 
voltages exceed normal limits; while in the other 2, 
the maximum normal values are approached. Cases 
published previously disclose similar high voltage 
complexes. In the facioscapulohumeral type of 
muscular dystrophy, the QRS complexes are of 
normal amplitude. Tall QRS complexes are re- 
garded as an additional differential feature dis- 
tinguishing between the two groups of dystrophic 
disease. 

SHUMAN 

HYPERTENSION 

Grollman, A.: The Effect of Various Hypotensive 

Agents on the Arterial Blood Pressure of Hyper- 

tensive Dogs. J. Pharmacol. & Exper. Therap 
114: 263 (July), 1955. 
Hypotensive agents, which have been introduced 

during recent years for the treatment of hyperten 
sive cardiovascular disease, have been adminis- 
tered to rats and dogs with experimentally induced 
renal hypertension. The dosages of adrenolytic and 
ganglion blocking agents, veratrum and rauwolfia 
alkaloids, necessary to lower blood pressure in such 

animals, are relatively much higher than that 
tolerated by humans. Hypertensive animals afford 
a supplementary method for screening potential 
hypotensive agents. 

AVIADO 

Lewitus, Z.: Transient Hypertension Associated 
with Acute Polyneuritis. Acta medica orientalia. 
14: 104 (April), 1955. 
Thirty cases of polyneuritis, admitted to the 

Beilinson Hospital during the years 1940 to 1953 
were surveyed. Among these, 12 were found to have 
had a transient hypertension during their illness 
(an incidence of 40 per cent). A control group of 26 
cases of infectious mononucleosis, of a similar 
age distribution, showed only a 15 per cent inci- 
dence of hypertension. The possible connection be- 
tween polyneuritis and the rise of blood pressure is 
discussed. 

BERNSTEIN 

Miller, S. I., Livesay, W. R., Snyder, H. B., and 
Moyer, J. H.: Treatment of Hypertension with 

Hexamethonium Alone and in Combination with 

Apresoline. Texas J. Med. 49: 516 (July), 1953. 
Sixty-three patients with severe esséntial hyper- 

tension were treated with hexamethonium adminis- 
tered orally. Forty-three responded with a 20 mm. 
fall in mean blood pressure. Thirty-two patients 
continued therapy for an average of 10 months. 
Apresoline, combined with hexamethonium, im- 
proved the blood pressure response of 10 patients, 
6 of whom failed to respond to hexamethonium 
alone. Drug-fastness occurred only twice, and, in 
general, the dose of hexamethonium did not have 
to be significantly increased with continued therapy. 

Side effects, chiefly due to parasympathetic 
blockade and excessive hypotensive response, were 
minimized by careful regulation of dusage. These 
effects decreased with prolonged therapy. Marked 
improvement in the cerebral and cardiac complica- 
tions of hypertension occurred with prolonged 
therapy. No serious accidents have oceurred. Oral 
hexamethonium, alone or in combination with 

Apresoline, is a practical and effective therapeutic 
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a sent for the treatment of moderate or severe hyper- 
t nsive cardiovascular disease. 

BERNSTEIN 

liber, H. B.: Combined Chlorpromazine-Rauwolfia 

serpentina Therapy in Essential Hypertension. 

J. A. M. A. 158: 730 (July 2), 1955. 
Seventy-five patients with hypertension were 
ven a capsule containing chlorpromazine (15 mg.) 

.ad Rauwolfia serpentina (whole root, 50 mg.) 3 
mes daily. No other medication was prescribed 

{or the patients during the course of treatment, and 
ie patients were observed by the same observer at 
eekly intervals. More than 85 per cent of the pa- 
ents with mild hypertension showed demonstrable 

significant lowering of blood pressure. More than 
‘0 per cent of the patients with moderate hyper- 
snsion were benefited, and more than 60 per cent 
‘ith severe hypertension were improved. Only 1 

patient was unable to tolerate the preparation be- 
cause of marked somnolence. Blood pressure read- 
ings of almost all the patients given placebos during 
the course of therapy increased to original levels 
after 10 to 14 days of placebo therapy. After re- 
institution of combined chlorpromazine-rauwolfia 
therapy, improvement was again observed in about 
2 weeks. In an addendum to the article, it was noted 
that a total of 350 patients with essential hyner- 
tension have been treated, and results were even 
more promising when the dosage schedule was 25 
mg. of chlorpromazine combined with 50 mg. of 
rauwolfia 3 or 4 times daily. After 18 months of 
therapy, no jaundice or other side effects were ob- 
served in any of the 350 patients. 

KITCHELL 

Moulton, R., and Willoughby, D. A.: A Short 

Laboratory Screening Test for Phaeochromocy- 

toma. Lancet 2: 16, (July 2), 1955. 
The effect of untreated human urine on the blood 

pressure of the cat was observed. After neutraliza- 
tion the urine was injected intravenously into cats 
anesthetized with Nembutal. Blood pressure was 
recorded by means of a recording mercury manom- 
eter. Comparisons with standard solutions of 
adrenalin and noradrenalin in normal urine were 
made. 

Most samples of urine had little effect on blood 
pressure. If a response at least equal to that from 
0.1 wg./ml. of adrenalin or noradrenalin was ob- 
tained, the following were tested: (a) Boiling the 
alkalinized urine, to which ferric chloride was 
added, should greatly diminish the pressure re- 
sponse; (b) Intramuscular ergotamine tartrate al- 
tered the shape of the pressure-response curve with 
in inconstant effect on the height of the curve; (c) 
Dibenzylene completely inhibited the pressor effect; 
‘d) Intravenous mepyramine maleate potentiated 
he effect of adrenalin and noradrenalin, but com- 

pletely antagonized any response to histamine, 
which was the “contaminant” causing the greatest 
difficulty. 
Among 250 patients, 7 cases of pheochromocy- 

toma were discovered or confirmed. 
McKusick 

Friedman, S. M., Friedman, C. L., and Nakashima, 

M.: Effect of Pitressin in Experimental Renal 

Hypertension in the Rat. Am. J. Physiol. 180: 
469 (March), 1955. 
Pitressin lowers blood pressure in rats made 

hypertensive by renal compression or partial 
nephrectomy. Daily injections produce a cumula- 
tive effect. There is also a delayed depressor re- 
sponse 7 to 9 hours after injection of 4 international 
units (IU) in rats hypertensive from desoxycorticos- 
terone acetate (DCA). A series of 2 IU injections 
accomplishes like results. The delayed response is 
not observed in rats made hypertensive by renal 
compression. With the larger doses, the delayed 
response is seen in rats made hypertensive by sub- 
total nephrectomy. It is not detected when lower 
doses are used. Poor renal function in subtotally 
nephrectomized rats may explain the 2 latter ob- 
servations. 

OPPENHEIMER 

Gaunt, R., Antonchak, N., Miller, G. J., and Renzi, 

A. A.: Effect of Reserpine (Serpasil) and Hy- 
dralazine (Apresoline) on Experimental Steroid 

Hypertension. Am. J. Physiol. 182: 63 (July), 
1955. 
Rats were administered desoxycorticosterone 

acetate and salt in quantities that produced hyper- 
tension and death in all subjects in 71 days. There 
was some fall in blood pressure and prolongation in 
survival time when either hydralazine or reserpine 
was administered. The combination used for as long 
as six months was observed to reduce blood pres- 
sure while at the same time renal and vascular 
pathologic changes were delayed or prevented. These 
animals grew faster and survived for three times as 
long as untreated controls. 

OPPENHEIMER 

Kolff, W. J., and Page, L. H.: Influence of Protein 

Diets on Development of Renoprival Hyperten- 

sion in Dogs. Am. J. Physiol. 181: 580 (June), 
1955. 
Hypertension resulting from nephrectomy was 

accentuated by overhydration with an electrolyte 
solution resembling extracellular fluid. However, 
intermittent peritoneal lavage did not prevent the 
production of hypertension. High-protein diets 
containing 4 to 6 Gm./Kg. of casein per day were 
fed to dogs. The high-protein diets produced a 
minimal increase in  renoprival hypertension. 
Medial arteriolar necroses and focal myocardial 
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necroses were more frequent and more severe in 
those fed high-protein diets. 

OPPENHEIMER 

Kolff, W. J., and Page, I. H.: Renoprival Hyperten- 

sion and Antirenin. Am. J. Physiol. 181: 575 
(June), 1955. 
Antirenin titers of dogs were actively and pas- 

sively elevated. Subsequent bilateral nephrectomy 
and overhydration were still able to produce hyper- 
tension. Furthermore, the hypertension of normally 
hydrated renoprival dogs was not reduced by anti- 
renin, Antirenin did not prevent arteriolonecrosis 
or multiple focal hemorrhagic necroses in the myo- 
cardium of renoprival hypertensive dogs. In all 
these previously mentioned cases, pressor responses 
of small and medium doses of renin were blocked. 
The responses to large doses of renin resembled 
those obtained with angiotonin. Also, elevation in 
blood pressure obtained from transplanted kidneys, 
which were made acutely ischemic, was greatly 
reduced. It is concluded that the hypertension of 
bilateral nephrectomy and the observed associated 
vascular changes cannot be assigned to residual or 
extrarenal renin. 

OPPENHEIMER 

Masson, G. M. C., Del Greco, F., Corcoran, A. C., 

and Page, I. H.: Pressor Effects of Subcutane- 

ously Injected Renin in Rats. Am. J. Physiol. 
180: 337 (Feb.), 1955. 
There is a slight rise in blood pressure subsequent 

to subcutaneously injected renin on conscious rats. 
These effects are not always present under amytal 
anesthesia. Bilateral nephrectomy potentiates renin 
effects in unanesthetized rats. This is also true if 
rats were pretreated with desoxycorticosterone ace- 
tate (DCA) and salt. Renin-induced pressor effects 
may play a role in the diuresis and proteinuria that 
follow injection of this substance into normal rats. 
These same pressor effects may be operative in the 
vascular lesions produced by renin after adminis- 
tration of DCA and salt. 

OPPENHEIMER 

Andreae, E., and Smith, F. E., Jr.: The Effect of 
Reserpine on Renal Plasma Flow in Hyperten- 

sion. Am. J. M. Sc. 230: 45 (July), 1955. 
The effect of oral reserpine upon renal plasma flow 

in a group of 15 hypertensive patients was evaluated 
by means of para-aminohippuric acid clearance de- 
terminations before and after administration of the 
drug. There was less than 10 per cent change in 13 
patients, which was within the limit of accuracy of 
the test. The blood pressure changes observed were 
minimal. In 2 patients, decreases of 18 per cent and 
33 per cent, respectively, in renal plasma flow, were 
detected following treatment. 

SHUMAN 

Markowitz, M., Koik, J. V., Hick, F. K., and Gris. 

som, R. L.: Hexamethonium, Hydralazine and 

Rauwolfia Serpentina Therapy in Hypertension 
Am. J. M. Se. 229: 486 (May), 1955. 

The effects of rauwolfia alone and in combina 
tion with hexamethonium and hydralazine wer 
evaluated in 66 patients having various degrees o 
hypertensive disease. The results of therapy in 2¢ 
patients with mild hypertensive disease receiving 
rauwolfia alone for an average of 10.5 months, re- 
vealed a reduction of the diastolic pressure of at 
least 15 mm. Hg in 14 patients. Side effects included 
“stuffy” nose, sleepiness, increased appetite, and 
depression. Nineteen patients with severe hyper- 
tensive disease received a combination of the three 
drugs in appropriate dosage for an average of 14 
months, and achieved an average reduction of blood 
pressure of 25 mm. Hg diastolic. 

Side effects of hexamethonium included constipa- 
tion, postural hypotension, dry mouth, and blurred 
vision. Thirteen patients with malignant hyperten- 
sion were given the combined therapy. Of the 6 
patients still living, 5 were white women whose 
nonprotein nitrogen was nearly normal initially. 
The 4 Negro men in this group died. Because of 
increased sensitivity to postural changes, leading to 
syncopal episodes, hexamethonium was found dif- 
ficult to use in patients previously treated by 
sympathectomy. There were 10 deaths in the 66 
hypertensives, of which 7 were Negro men. In cer- 
tain patients, the reduction of blood pressure wor- 
sened the clinical status of the patients; however, 
in others, dramatic improvements, including the 
reversal of papilledema were obtained. 

SHUMAN 

Moyer, J. H., Hughes, W., Dennis, E., Beazley, 

H. L., and McConn, R.: Results with a Combina- 
tion of Rauwolfia and Adrenergic Blockade in the 

Treatment of Hypertension. Am. J. M. Sc. 230: 
33 (July), 1955. 
Treatment of 47 patients with varying degrees 

of hypertension with rauwolfia plus adrenergic 
blockade was reported. Rauwolfia plus phenoxy- 
benzamine was compared with this combination 
plus protoveratrine. A significant hypotensive ef- 
fect is considered as a mean blood pressure reduction 
of 20 mm. Hg, or more, which was achieved in 74 

per cent of the first group (rauwolfia and phenoxy- 
benzamine), and in 82 per cent of the second (above 
plus protoveratrine). However, the former group 
was considered to have a slightly more severe hypo- 
tensive process. The requirement for phenoxybenza- 
mine was much less when given with rauwolfia than 
when given alone; also the orthostatic hypotensive 
effect was less with the combination. The principal 
side effects, seen in nearly all patients in this series, 

consisted of nasal congestion, sedation, fatigue, diz- 

ziness, bradycardia, increased appetite, and ortho- 
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s atic hypotension. The combination of rauwolfia and 
|} 1»enoxybenzamine, with or without protoveratrine, 
(in be effective in the treatment of patients with 
‘vere grades of hypertensive disease. The former 

: zent blocks vasoconstrictor impulses centrally, 
hile the latter blocks peripherally, providing a 
tent combination for reducing hypertensive blood 

| ressures. 
SHUMAN 

tuppy, L. J., and Tober, J. N.: Treatment of Hyper- 
tension with Reserpine (Serpasil) Alone and in 
Combination with MHydralazine (Apresoline). 
Angiology 6: 253 (June), 1955. 
Eighty-three hypertensive patients were treated 
ith reserpine for periods of 3 to 12 months. In 15 
f these patients hydralazine was also administered. 
vo controls were employed beyond pretreatment 

nowledge of the patient’s symptomatology and 
lood pressure range. The authors conclude that 
eserpine is an excellent hypotensive drug, and that 
ide reactions are few in number and minor in na- 
ure. 

WESSLER 

PATHOLOGY 

Elster, S. K., Tuchman, L. R. and Horn, H.: Cardiac 

Hypertrophy and Insufficiency of Unknown 

Etiology. Bull. New York Acad. Med. 31: 475 
(June), 1955. 
A series of 10 cases is described in which there was 

cardiomegaly and intractable heart failure, which 
at necropsy could not be explained on the usual 
causes of cardiac enlargement such as coronary 
artery disease, rheumatism, congenital defects, 
pulmonary disease, collagen disease, etc. There were 
7 males and 3 females, ranging in age from 24 to 
53 years. Prominent in the clinical picture was the 
rapidity of the course, intractability to therapy, low 
systolic pressure, intermittent fever and cardiac 
arrythmias. Premortem studies were extensive and 
failed to provide any clues as to etiology. At ne- 
cropsy, the hearts were enlarged and there was uni- 
form hydrocardial hypertrophy and areas of necrosis 
and searring with secondary areas of an inflam- 
matory reaction. No etiologic clue was provided at 
necropsy. In the reported discussion of the paper, it 
was pointed out that the measurements made 
luring cardiac catheterization of one individual with 
this syndrome during life that the characteristics 
physiologically did not suggest nutritional de- 
ficiency such as beriberi or anemia or hyperthy- 
‘oidism. Furthermore, it was pointed out that this 
‘ondition is seen in greater frequency in the Negro 
‘han in the white individual. 

HARVEY 

Cohen, G. U., Peery, T. M. and Evans, J. M.: 

Neoplastic Invasion of the Heart and Peri- 

cardium. Ann. Int. Med. 42: 1238 (June), 1955. 
In an analysis of 1,007 consecutive autopsies per- 

formed during a 57-month period at George Wash- 
ington University Hospital, 65 tumors metastatic to 
the heart, pericardium or both, were found among 
315 malignant tumors of all kinds, an incidence of 
20.6 per cent. Diagnosis was made prior to death in 
three patients and suggested in two others. Tumors 
of the breast, bronchus, the lymphoma group and 
malignant melanoma accounted for about three 
fourths of the cases with cardiac metastasis, which 
is in agreement with the experience of others. The 
development of one or all of the triad of cardiac 
failure, cardiac arrhythmias or cardiac compression 
in patients known to have malignant disease should 
suggest the possibility of metastases to the heart or 
pericardium. It would appear from this and other 
recent studies in the literature that neoplastic 
invasion of the heart is more frequent than was 
formerly believed, and should be given consider- 
ation in the differential diagnosis of heart disease. 

WENDKOS 

Ferguson, D. J., Berkas, E. M., and Varco, R. L.: 

Process of Healing in Experimental Pulmonary 

Arteriosclerosis. Proc. Soc. Exper. Biol. & Med. 
89: 492 (July), 1955. 
Pulmonary vascular lesions were induced in dogs 

by anastomosing a systemic artery to the pulmonary 
artery. Within two weeks, the arterioles showed hy- 
pertrophy of the media, followed by progressive 
obliteration of the lumen due to intimal proliferation, 
which resembled those seen with some types of pul- 
monary hypertension in humans. After removal of 
the shunt and re-anastomosis of the pulmonary 
artery to its proximal stump, there was little re- 
generation in 3 months, but after one to two years, 

there was slow re-establishment of patency, chiefly 
by recanalization. The mechanical factors (increased 
flow and pressure) play an important role in the 
etiology of pulmonary vascular lesions. 

AVIADO 

Calvert, R. J., Nardell, S. G., and Raeburn, C.: 

Angiopathies in Acrosclerosis. Angiology 6: 129 
(April), 1955. 
A case of acrosclerosis with calcinosis (Thibierge- 

Weissenbach syndrome) is described, in which the 
major arteries to the extremity were found to be 
occluded. The sclerodermatous process had involved 
skin, vessels, and nerves, as well as all the collagenous 
tissue of the extremity. 

WESSLER 

PATHOLOGIC PHYSIOLOGY 

Williams, M. H., Jr., and Towbin, E. J.: Magni- 

tude and Time of Development of the Collateral 

Circulation to the Lung after Occlusion of the 
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Left Pulmonary Artery. Circulation Research 
3: 422 (July), 1955. 
Direct measurements were made of the collateral 

(bronchopulmonary) flow to the left lower lobe of 
the lung after ligation of the lobar artery. The flow 
immediately after ligation ranged from 4.4 to 9 
ml./min., but one year after such ligation, the flow 
increased, ranging from 68 to 376 ml./min. This 
increase in collateral flow confirms vessel injection 
studies, which have demonstrated that broncho- 
pulmonary anastomoses are exaggerated after oc- 
clusion (by disease or experimentally induced) of the 
pulmonary artery. 

AVIADO 

Daley, R., McMillan, I. K. R., and Gorlin, R.: 

Mitral Incompetence in Experimental Auricular 

Fibrillation. Lancet 2: 18, (July 2), 1955. 
In dogs, the acute initiation of atrial fibrillation 

caused change in the shape of the systolic portion of 
the atrial pressure curve (obliteration of the mid- 
systolic dip), and evidence of A-V valvular incompe- 
tence in the form of regurgitation of Evans blue dye 
injected into the ventricle. These observations may 
explain the difficulties in interpreting the amount of 
regurgitation versus stenosis in the presence of atrial 
fibrillation, the reason being that there is indeed re- 
gurgitation with the arrhythmia. The studies cor- 
roborate the view that atrial systole is important 
in the closure of the A-V valves. When atrial systole 
is absent, at least slight regurgitation early in 
ventricular systole seems to occur. 

McKusick 

Frank, E. D., Kaufman, D., Korman H., Schwein- 
burg, F., Frank, H. A., and Fine, J.: Effect of 

Antibiotics on Hemodynamics of Hypovolemic 

Septic Shock. Am. J. Physiol. 182: 166 (July), 
1955. 
Intraperitoneal injections of fecal suspension 

result in septic shock that resembles hemorrhagic 
shock of long standing. Plasma in sufficient quanti- 
ties to restore or prevent a deficiency in plasma 
volume does not prevent the deterioration and fatal 
outcome in septic shock. If antibiotics alone are 
administered before septic shock is produced, they 
do not prevent hypovolemia and _ hypotension, 
although death is prevented. The authors conclude 
that the hemodynamic hypovolemic disturbances in 
septic shock and in hemorrhagic shock are not neces- 
sarily fatal of themselves. Correction of bacterial 
action enables dogs to tolerate septic shock better. 

OPPENHEIMER 

Freis, E. D., Broida, H. P., Hufnagel, C. A., 224 

Rose, J. C.: Effects of Varying the Output of a 

Mechanical Left Ventricle on the Circulation in 
the Dog. Am. J. Physiol. 182: 191 (July), 1955. 
In these experiments a mechanical diaphragm 

pump replaced the left ventricle. It was possible to 

vary rate and stroke volume independently. Th: 
mean arterial blood pressure was observed to vary 
as a function of minute volume rather than eithe 
stroke volume or rate. When minute volume re 
mained constant but stroke volume was increased 
while the rate of pumping was reduced propor 
tionately, there was no change in the mean pres 
sure. Under these circumstances pulse pressure wa 
increased. When the output of the mechanical lef 
ventricle was increased there was a parallel increas: 
in that of the intact right ventricle. This latter in 
crease was brought about largely by an increase it 
stroke volume. Changes in pump output cause: 
similar changes in pulmonary and systemic pres 
sure-output curves. Blood storage without change: 
in venous pressure was observed with increase: 
pump output. This excess of blood is apparently not 
stored in the lungs. 

OPPENHEIMER 

Lewis, L. A., Masson, G. M. C., Corcoran, A. C. 
and Page, I. H.: Effects of Renin on Serum and 

Urinary Proteins in Desoxycorticosterone or 

Cortisone-Treated Rats. Am. J. Physiol. 180: 
331 (Feb.), 1955. 
In normal male rats, administration of renin in 

creases proteinuria. The electrophoretic mobilities 
of these proteins are similar to those of normal serum. 
The action of desoxycorticosterone acetate (DCA) is 
similar to that of renin. On the other hand, cortisone 
causes a slight increase in urinary albumin. DCA 
depressed blood albumin levels, but cortisone low- 
ered protein levels. Animals pretreated with corti- 
sone or DCA were sensitized to renin-induced pro- 
teinuretic effects, and the appearance of a small 
peak, measured as albumin, corresponded with in- 
creases in serum polysaccharide concentration. 
Serum lipoprotein patterns were irregularly ab- 
normal, and serum cholesterol was correspondingly 
altered in rats given DCA. Although the administra 
tion of cortisone and renin caused gross visceral 
hemorrhages and hypoproteinemia with fluid re- 
tention, there was no increase in blood cholesterol. 
It is the authors’ opinion that renin increases capil- 
lary permeability generally, as is evidenced by the 
presence of proteinuria. Cortisone inhibits tubular 
athrocytosis of albumin. Steroids and renin increase 
blood cholesterol and lipoproteins by acute renal 
damage and consequent nephrogenic hyperlipemia. 

OPPENHEIMER 

Salpeter, M. M.: A Renal Vasotropic Factor Pro- 

duced by Electroconvulsive Shock. Am. J. Phy 
siol. 182: 177 (July), 1955. 
After electroconvulsive shock vasoexcitor ma- 

terial (VEM) appears in the general circulation o! 
goats and rats. Significant amounts appear in 1é 
minutes in goats. The peak is reached in the first 
hour. Ligation of the renal pedicle in rats blocked 
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t .e appearance of this sensitizing factor after elec- 
t oconvulsive shock. 

OPPENHEIMER 

ashour, F., Winchell, P., and Reddington. J.: 

Myotonia Atrophica and Cyanosis. New England 
J. Med. 252: 768 (May 5), 1955. 
A man, aged 57 years, presenting the major clin- 

‘al features of diffuse muscular weakness, lenticular 
pacities, gonadal dysfunction manifest by hypo- 
ietabolism and testicular atrophy is described. 
‘here was a family history of similar involvement 
a his father and two siblings. In addition to the 
sual features of myotonia atrophica, or Steinert’s 
isease, there was marked cyanosis. Cardiac cathe- 

‘erization and studies of the pulmonary function sug- 
-ested that this cyanosis was related to weakness of 
he thoracic and diaphragmatic muscles, resulting in 
mpaired alveolar ventilation and incomplete oxygen 
aturation of the blood in the pulmonary capillary. 
‘The observations also suggested an additional fac- 
ior of direct shunting from pulmonary capillaries to 
»ulmonary venules in atelectatic areas of the lungs. 
This opinion was evoked from evidence that the 
arterial oxygen saturation rose to only 86 per cent 
after breathing 100 per cent oxygen, and that x-ray 
studies of the thorax showed areas of linear atelec- 
tasis. 

RosENBAUM 

Williams, M. H., and Toubin, E. J.: Magnitude and 

Time of Development of the Collateral Circulation 

to the Lung after Occlusion of the Left Pulmonary 

Artery. Circulation Research 3: 422 (July), 1955. 
The collateral blood flow to the left lower lobe 

of the lung was measured after occlusion of the 
left pulmonary artery in anesthetized open-chest 
dogs. Immediately after the ligation, the blood flow 
was found to range from 4.4 to 9 ml./min. The 
amount of flow varied with the height of the blood 
pressure, but with a given blood pressure, did not 
increase during the 2- to 4-hour period of observa- 
tion. In dogs that had previously been prepared by 
ligation of the pulmonary artery, the collateral blood 
flow was found to be increased, ranging from 68 to 
376 ml./min. at the end of approximately one year 
f chronic ligation of the artery. 

SAGALL 

Hisley, N. F., and Pritham, G. H.: Arterial Synthe- 
sis of Cholesterol in Vitro from Labeled Ace- 

tate. Science 122: 121 (July 15), 1955. 
Various concentrations of C' (carboxyl) labeled 

odium acetate were added to tissue minces of turkey 
vorta. After incubation, cholesterol was extracted. 
Che data indicate that the aorta can convert ace- 
ate into cholesterol. Minced tissue (which con- 
ained intact cells) was more active in cholesterol 
ynthesis than whole tissue slices. Hog aorta was 
nore active than that of turkey. Although the con- 

version of C!4 labeled acetate into cholesterol by 
aorta was quantitatively less than produced by 
liver homogenates from the same amount of ace- 
tate, aortic cholesterol synthesis may be an impor- 
tant factor in atherogenesis. 

WaAIFE 

Hercus, V. M., McDowall, R. J. S., and Mendel, 

D.: Sodium Exchanges in Cardiac Muscle. J. 

Physiol. 129: 177 (July), 1955. 
Electrolyte changes in the environment have 

been shown to affect materially the activity of heart 
muscle. This study quantitated the sodium, potas- 
sium, and water exchanges in rat heart muscle under 
varying environmental conditions. 

Rat ventricles were suspended in a bath. Various 
solutions were used in the bath and aeration was ef- 
fected with 5 per cent CO. and 95 per cent Oz or 
with 5 per cent CO, and 95 per cent N2. The tem- 
perature and pH were kept constant. The heart 
muscle was analyzed for Na* and K* by a flame 
photometer and extracellular water by the inulin- 
space method. 

In normal Kreb’s solution (143 mEq. Nat/L. 
and 5.9 mEq. Kt/L., the cardiac muscle absorbed 
Nat and lost K*+. When the Nat in the bath was 
then lowered to 93 mEq./L., intracellular Na* fell. 

Nat extrusion was therefore postulated and thought 
to be a useful measure of pump activity. 

With a low Na* concentration in the bath from 
the beginning, a smaller uptake of Na* occurred. 
It increased without any change in K* loss with 
increasing Na* concentration of the bath to 177 
mEq./L. The inulin space was not affected by 
changes in the Nat content of the solution. The ad- 
dition of K* to the bath failed to produce any 
changes. 

Stretching the muscle increased the inulin space 
and the extracellular water and decreased intra- 
cellular water. Intracellular Kt levels increased 
while Nat levels remained constant, indicating ex- 
trusion of Nat. Stimulation of the muscle lowered 
K* and failed to change Na*. Anoxia increased Nat 
uptake and damaged the Na* extrusion mechanism. 
Stimulation of anoxic muscle increased Na* up- 
take because of this damage to the extrusion mech- 
anism. , 

Cardiac muscle in physiologic media took up Nat 
and lost Kt. Stretching the muscle caused Na* ex- 
trusion; this loss may contribute to the efficiency of 
stretched muscle. Anoxia damaged the Nat ex- 
trusion mechanism permanently. 

WECHSLER 

PHARMACOLOGY 

Andrews, W. H. H., Hecker, R., Maegrath, B. G., 

and Ritchie, H. D.: The Action of Adrenaline, 

L-noradrenaline, Acetylcholine and Other Sub- 

stances on the Blood Vessels of the Perfused 

Canine Liver. J. Physiol. 128: 413 (June), 1955. 
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An improved technic was devised for perfusion 
of the canine liver, whereby the selective vascular 
action of physiologically active substances could be 
demonstrated. Adrenalin and noradrenalin con- 
sistently constricted the portal vein and hepatic 
artery, but the effect on the hepatic vein was varia- 
ble. Acetylcholine regularly constricted the portal 
vein, especially when injected into the artery rather 
than into the venous system. Histamine dilated the 
artery, but produced intense constriction within the 
hepatic venous tree. This clarification of a previously 
confusing situation is an initial step in understand- 
ing the physiologic significance of hepatic vasomotor 
nerves. 

AVIADO 

Gruhzit, C. C., and Farah, A. E.: A Comparison of 

the Positive Inotropic Effects of Ouabain and 
Epinephrine in Heart Failure Induced in the Dog 

Heart-Lung Preparation by Sodium Pentobar- 

bital, Dinitrophenol, Sodium Cyanide and Sodium 

Azide. J. Pharmacol. & Exper. Therap. 114: 334 
(July), 1955. 
Although it is generally agreed that the primary 

effects of the digitalis glycosides are on the heart, 

little is known about the underlying biochemical 
processes. The magnitude of the positive inotropic 
action of ouabain in the dog heart-lung preparation 
was found to be inversely proportional to the 
severity of the failure induced by cyanide, azide, or 
dinitrophenol. Mild failure was readily reversed by 
ouabain, while severe failure did not respond to this 
cardiac glycoside. In a heart in severe failure, the 
positive inotropic action of epinephrine was not 
blocked. This suggests that different biochemical 
mechanisms are involved in the positive inotropic 
actions of the sympathomimetic amines and the 
cardia glycosides. 

AVIADO 

Haley, T. J., and Weinberg, S. J.: Comparison of 

Strophanthin-K and Tryptamine-Strophanthidin 

after Intraventricular Injection in Unanesthe- 

tized Dogs. Proc. Soc. Exper. Biol. & Med. 89: 
345 (July), 1955. 
The intraventricular injection of these two glyco- 

sides was compared. Both compounds produce 
bradycardia and typical digitalis changes in the T 
wave of the electrocardiogram at low doses, and the 
usual manifestations of digitalis toxicity at higher 
doses. The rapidity of onset after such injection 
indicates that the effects had their origin in the 
central nervous system. Barbiturate anesthesia 
abolished these central actions. 

AvIaADo 

Lanzoni, V., and Clark, B. B.: Antiarrhythmic Ac- 

tion of Ambonestyl. Circulation Research 8: 
335 (July), 1955. 
Dogs with persistent ventricular tachycardia 

from a previous coronary ligation were given pro- 
caine amide and Ambonestyl (2-diethyl-amino- 
ethylisonicolinamide). This new compound was as 
effective in suppressing the arrhythmia as procaine 
amide. Ambonestyl was pharmacologically more 
specific, since it produces less hypotension, a limit- 
ing factor in the intravenous use of procaine amide. 
Other differences of Ambonestyl from procaine 
amide are lack of depression in cardiac conduction, 
no elevation of diastolic electric threshold of the 
ventricle, and small increase in refractory period. 
The authors believe that the mode of action for this 
promising compound may be more closely related to 
factors controlling cellular transmembrane poten- 
tials, which do not manifest themselves in changes 
in threshold and conduction. Some alteration in 
cellular recovery processes may be implied from the 
increase in the refractory period. 

AVIADO 

Toh, C. C., Lee, T. S., and Kiang, A. K.: The 

Pharmacological Actions of Capsaicin and 

Analogues. Brit. J. Pharmacol. 10: 175 (June), 
1955. 

This pungent principle from capsaicin has long 
been recognized as a powerful gastrointestinal 
stimulant and as a rubefacient. Intravenous injec- 
tion of the compound causes powerful circulatory 
depression by stimulation of receptors in the heart 
and carotid bifurcation. It does not have a direct 
action on blood vessels. Like veratridine, capsaicin 
is a potent pharmacologic tool for studying the re- 
flex circulatory activity of sensory nerve endings. 

AVIADO 

Walton, R. P., Richardson, J. A., and Brodie, O. J.: 
Cardiovascular Actions of Decaborane. J. Phar- 
macol. & Exper. Therap. 114: 367 (July), 1955. 
The industrial production of decaborane as a 

high energy fuel prompted its toxicologic study in 
dogs. In increasing doses (inhaled or injected). There 
was a progressive decrease in heart force, compli- 
cated by temporary hypertension, which was at- 
tributed to clumping of blood masses with obstruc- 
tion of smaller vessels. The hypertension, in some 
instances, may have been due also to direct action 
on the adrenal glands. Progressive electrocardio- 
graphic changes included decrease in height of P 
waves, slow A-V nodal rhythms, occasional ectopic 
beats, and asystole. 

AVIADO 

Waud, R. A., Lansing, A. M., and Lewis, R. A.: 

The Effects of Veratrum, Dibenzyline and Hexa- 

methonium on Blood Pressure as Studied with 

an Artificial Heart-lung. J. Pharmacol. & Exper. 
Therap. 114: 271 (July), 1955. 
These hypotensive agents were studied in the 

artificial heart-lung to segregate the factors involved 
in the fall in blood pressure. In a dog in which car- 
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liac output was maintained constant by substitut- 
ng an artificial heart-lung, dibenzyline and hexa- 
nethonium produced a significant fall of arterial 
yressure, indicating that the peripheral resistance, 
‘ather than the heart, is the important factor. On 
he other hand, Veriloid did not lower the blood 
yressure when the cardiac output was similarly 
naintained constant. This fact was interpreted to 
mean that reflex cardiac depression is the major 
‘cause of the hypotension in control animals. The 
suggested, minor role of peripheral vasodilatation for 
veratrum alkaloids is contrary to reports of other 
investigators. 

AVIADO 

Drury, A., and Treadwell, C. R.: Effect of Epineph- 

rine on Plasma Lipid Components and Inter- 

relationships in Normal and Epileptic Humans. 

J. Clin. Endocrinol. 15: 818 (July), 1955. 
Normal adult and epileptic subjects showed the 

same concentrations of plasma lipid components in 
the postabsorptive state. However, the ratio of 
phospholipid to free cholesterol and the ratio of 
neutral fat to phospholipid were significantly lower 
in the epileptic group than in the normal group. 
One hour after the intramuscular injection of 0.4 
mg. of epinephrine, the free, esterified, and total 
cholesterol concentrations in the epileptic group 
were significantly greater than the respective values 
in the normal subjects, and the neutral fat fraction 
in the normal group was significantly greater than 
in the epileptics. These changes resulted in signifi- 
cant alterations in the ratios. These different re- 
sponses to epinephrine undoubtedly reflect dif- 
ferences in the metabolism of epileptic subjects. 

CorTELL 

Leusen, I., Demuster, G., and de Witte, J.: A Study 

of the Influence of Ro 2-3248 upon Cardio- 

vascular Dynamics. Arch. internat. pharmacodyn. 
52: 147 (June), 1955. 
The authors present studies on the effects upon 

cardiovascular dynamics in unanesthetized dogs, 
with and without section of the vagus nerves and 
carotid sinus, of Ro 2-3248 (Ilidar). This substance 
is the most potent of a group of antiadrenalin com- 
pounds, which are derivatives of Dibenamine. Car- 
diac rate, femoral arterial pressure, and electro- 
cardiograms were measured. Cardiac output was 
measured and total peripheral resistance then calcu- 
lated. Well controlled experiments were done. It 
was found that the substance, Ro 2-3248, in the 
anesthetized animal with carotid sinus sectioned, 

caused a reduction in arterial tension and thereby a 
fall in total peripheral resistance and a fall in cardiac 
output. Tachycardia established at the time of sec- 
tioning was not increased. In the intact animal there 
was only a slight fall in blood pressure and no ap- 

preciable change in cardiac output. However, tachy- 
cardia occurred. 

HARVEY 

Gorlin, R., and Robin, E. D.: Cardiac Glycosides 

in the Treatment of Cardiogenic Shock. Brit. M. 
J. 1: 937 (April 16), 1955. 
Three patients with the combination of pul- 

monary edema and shock on the basis of acute myo- 
cardial infarction and one with only shock were 
treated with cardiac glycosides in small doses intra- 
venously. Dramatic clinical improvement followed. 
They recommend 25 to 50 per cent of the initial 
dose given to the average cardiac patient, because 
of apparently increased susceptibility to arrhyth- 
mias in the patient with myocardial infarction. They 
used ouabain in 3 patients, lanatoside C in the 
fourth. The absence of elevated systemic venous 
pressure should not be taken as an indication that 
myocardial failure will not benefit by digitalis. 

McKvusick 

Harris, A. S., and Bisteni, A.: Effects of Sympa- 

thetic Blockade Drugs on Ventricular Tachycardia 

Resulting from Myocardial Infarction. Am. J. 

Physiol. 181: 559 (June), 1955. 
Myocardial infarction was produced in dogs by 

two-stage ligation of the anterior descending artery 
at the level of the free edge of the left atrial ap- 
pendage. The best results for reduction in the num- 
ber of ectopic beats were obtained with Dibenzyline 
intravenously, Regitine when injected directly into 
coronary arteries, and Dibenamine intravenously. 
In the case of the last mentioned, large convulsant 
doses had to be used. Norepinephrine arrhythmias 
were demonstrated to resemble infarction arrhyth- 
mias more closely than those due to epinephrine. 

OPPENHEIMER 

Harvey, W. P., Berkman, F., and Leonard, J.: 

Caution Against the Use of Meperidine Hydro- 

chloride (Isonipecaine, Demerol) in Patients 

with Heart Disease, Particularly Auricular 

Flutter. Am. Heart J. 49: 758 (May), 1955. 
The authors indicate that meperidine may exert 

an atropine-like action, and, when 100 to 150 mg. 
were given intravenously to 26 normal subjects, it 

caused an increase in the pulse rate by an average of 
11 beats per minute, with 2 individuals having an 
increase over 30 beats per minute. Since atropine 
may quickly change the ventricular rate in atrial 
flutter from 85 to 170 beats per minute by going from 
a 4:1 to 2:1 response, the use of meperidine with 
its atropine-like action should be used with caution 

in atrial flutter. Such increases of ventricular rate 
in atrial flutter by meperidine are illustrated by 
case reports. 

RINZLER 
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Tesoriere, H. S., and Lipson, H. I.: The Use of 

Procaine Amide (Pronestyl) to Accelerate Blood 

Transfusions in the Anesthetized Patient: Its 

Generalized Sympatholytic Effect without Hypo- 

tension. Am. Heart J. 49: 770 (May), 1955. 
Procaine amide, in doses of 0.5 to 1.0 Gm., was 

mixed with each 500 ml. of blood given as transfu- 
sions to anesthetized patients. The procaine amide 
accelerated the administration of the transfusion 
because local venospasm was prevented. Despite the 
spasmolytic effect the drug showed no hypotensive 
effect. 

RINZLER 

Loomis, T. A., and Krop, S.: Auricular Fibrillation 

Induced and Maintained in Animals by Acetyl- 

choline or Vagal Stimulation. Circulation Re- 
search 3: 390 (July), 1955. 
By “sensitizing” animals with moderate doses of 

anticholinesterase drugs, the authors were able to 
induce atrial fibrillation of extended duration in 
the intact heart of unanesthetized normal dogs, 
goats, and monkeys after the intravenous adminis- 
tration of acetylcholine or other vagal stimulation. 
The rate of existing atrial fibrillation was found to 
increase with the injection of acetylcholine. Atrial 
fibrillation could be reinduced in the converted heart 
by additional injections of acetylcholine. Once the 
fibrillating state was induced, it could be maintained 
for long periods of time by proper continuous infu- 
sion or repeated injections of acetylcholine, or by 
electric stimulation of the distal end of the cut right 
vagus nerve. Induction of fibrillation was facilitated 
by depressing the normal sinoatrial nodal function 
by cold or crushing. Atropine was found to slow the 
rate of fibrillation, and small doses converted the 
rhythm to normal and prevented subsequent induc- 
tion of fibrillation with acetylcholine. 

SAGALL 

Malinow, M. R., Battle, F. F., and Malamud, B.: 

The Pharmacology of Experimental Arrhythmias 

in the Rat. 2. Mechanism of Action of Nupercaine 

Hydrochloride. Arch. internat. pharmacodyn. 
102: 266 (July), 1955. 
White albino rats were anesthetized with Nem- 

butal, 6 mg./100 Gm., intraperitoneally, in 0.6 per 
cent solution. Ventricular flutter and fibrillation 
were induced by an intravenous injection of 0.2 
ml./100 Gm. of a 10 per cent solution of calcium 
chloride. In another series of experiments the same 
arrhythmias were elicited by topical application of 
aconitine to the ventricles. 

Injection of 0.5 mg./100 Gm. of nupercaine in- 
travenously into rats before these arrhythmias were 
elicited did not prevent them. The arrhythmias in- 
duced by calcium chloride, as well as those caused 
by aconitine, appeared in 6 out of 10 experiments. 
Topically applied nupercaine, however, prevented 
the aconitine arrhythmias in 9 out of 10 animals if 

aconitine was applied on the same spot as the nuper- 
caine. On the other hand, intrathecal injection of 
nupercaine prevented the appearance of the calcium 
arrhythmias in all 10 experiments. 

These results support the previous conclusion 
made by the authors, that the calcium arrhythmias 
are neurogenic, while the aconitine arrhythmias are 
cardiogenic. 

ScHERF 

PHYSICAL SIGNS 

Bjirk, V. O., Kjellberg, S. R., Malmstrom, G., 

Rudhe, U.: The Diagnosis of Mitral Insufficiency. 
Am. Heart J. 49: 719 (May), 1955. 
The authors present a technic for visualization of 

the mitral valves by angiocardiography, when the 
clinical findings and left heart catheterization sug- 
gest a dominating mitral insufficiency. This technic 
involves injection of the contrast medium through a 
needle of 1.0 mm. inner diameter, paravertebrally 
above the posterior end of the right ninth rib, and 
into the left atrium. It is possible to prove the diag- 
nosis of a mitral insufficiency and avoid an explora- 
tory cardiotomy by this method. 

RINZLER 

PHYSIOLOGY 

Armin, J., and Grant, R. T.: Vasoconstrictor Ac- 

tivity in the Rabbit’s Blood and Plasma. J. Physiol. 
128: 511 (June), 1955. 
The vasoconstrictor properties, acquired by circu- 

lating blood as a result of hemorrhage, were investi- 
gated by transferring blood from any available 
vessel of a donor rabbit through a system of non- 
wettable tubes and taps to the central artery of the 
denervated ear of a recipient rabbit. The constrictor 
activity of plasma is usually slightly greater than 
that of blood owing to the release from platelets 
of a substance like 5-hydroxytryptamine (serotonin). 
Rapid bleeding of one third of blood volume of the 
donor rabbit increased the constrictor activity of 
its blood on the recipient’s vessels. Adrenalectomy 
considerably reduced, but did not abolish, the con- 
strictor activity of the blood. The source of extra- 
grandular constrictors is undetermined but they 
may come from widespread sympathetic endings. 
The observations do not disclose the function of the 
constrictor substances in blood, but emphasize the 
importance of adrenalin and other constrictors in 
the circulatory compensation to blood loss. 

AVIADO 

Freedman, M. E., Snider, G. L., Brostaff, P., 
Kimelblot, S., and Katz, L. N.: Effects of Train- 
ing on Response of Cardiac Output to Muscular 

Exercise in Athletes. J. Appl. Physiol. 8: 37 
(July), 1955. 
In 3 long-distance runners, no alterations attribut- 

able to training were seen in the way the tissue de 



mands for an increased supply of oxygen were met 
during exercise. Increases in cardiac output, A-V 
oxygen difference, pulmonary arterial pressure, and 
ventilatory efficiency were for the most part. similar 
to those reported by others. The only apparent ef- 
fect of training was an increase in the maximum 
breathing capacity. The possibility has been sug- 
gested that chronic inflow-overload of the right 
ventricle might account in part at least, for the 
incomplete right bundle-branch-system block some- 
times seen in electrocardiograms of athletes en- 
gaged in endurance sports. 

AVIADO 

Lindgren, P., and Uvnis, B.: Vasoconstrictor In- 

hibition and Vasodilator Activation—Two Func- 

tionally Separate Vasodilator Mechanisms in the 

Skeletal Muscles. Acta physiol. scandinav. 33: 
108 (June), 1955. 
The oblongata medulla is known to occupy a key 

position in the control of peripheral blood flow. 
Direct measurements of the venous outflow of the 
leg muscles of dogs and cats show that there are two 
vasodilator mechanisms. Vasoconstrictor nerves can 
be inhibited by depressor reflexes (electric stimula- 
tion of vagus or carotid sinus nerve) or by direct 
stimulation of the depressor area in the medulla. Vas- 
odilator nerves can be stimulated directly at their or- 
igin from the motor cortex, or at their intramedullary 
outflow, which runs in close proximity to the bulbar 
motor pathways. The authors were unable to induce 
vasodilatation by both mechanisms simultaneously, a 
fact suggesting that they form two independent 
mechanisms. The sympathetic vasodilator outflow 
appears entirely unassociated with blood pressure- 
regulating mechanisms. It has been suggested that 
this vasodilator system takes part in the regulation 
of the muscle blood flow during exercise. 

AvIADO 

Ludemann, H. H., Filbert, M. D., and Cornblath, 
M.: Application of a Fluorometric Method for 

Adrenaline-like Substances in Peripheral Plasma. 

J. Appl. Physiol. 8: 59 (July), 1955. 
Fluorometric analysis of adrenalin in plasma from 

normal human subjects ranged from 0.0 to 0.4 
ug./100 ml. Dogs poisoned with Parathion (cho- 
linesterase inhibitor) to the extent of asphyxia, 
showed increased adrenalin content in blood only 
when anoxia was severe and when circulation had 
failed. Elevation was not seen during moderate de- 
pression of arterial oxygen saturation, but appeared 
abruptly in the terminal phase. This does not neces- 
sarily indicate that pressor substances were not 
being liberated throughout the course of asphyxia. 
It is probably due to the imbalance between rate of 
production and inactivation of adrenalin during 
severe asphyxia. 

AVIADO 
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Roddie, R. A.: Effect of Arm Position on Circulation 

through the Fingers. J. Appl. Physiol. 8: 67 
(July), 1955. 
The fingertips of seated subjects were supported 

at various levels above or below the sternal notch. 
The rate of heat elimination from the fingertips (to 
water measured calorimetrically) at all levels below 
the notch was slightly but significantly greater than 
that at the reference level. The increased rate of heat 
elimination from the dependent fingers is regarded as 
indicative of an unaltered or slightly increased rate 
of flow. In no experiment was there any evidence for 
a reduction of rate of blood flow, which has been 
interpreted by others from venous occlusion plethys- 
mography. 

AvVIADO 

Shadle, O. W., Moore, J. C., and Billig, D. M.: 
Effect of 1-Arterenol Infusion on “Central Blood 
Volume” in the Dog. Circulation Research 3: 
385 (July), 1955. 
Intravenous infusion of Arternol into anesthe- 

tized dogs caused an increase in the volume of blood 
in the heart and lungs, measured by dye or tracer 
dilution technic. Pressure in the pulmonary artery 
and left ventricle and rotameter flow in the vena 
cava were also increased. 

The authors believe that these changes are due to 
shifting of blood from the constricted peripheral 
veins to the pulmonary vessels. The results do not 
exclude other possible explanations, such as Artere- 
nol acting directly on pulmonary vessels, or the drug 
stimulating the heart directly and therefore in- 
creasing the pulmonary blood flow and blood volume. 

; AVIADO 

Miller, H. C., and Smull, N. W.: Further Studies 

on the Effects of Hypoxia on the Respiration of 

Newborn Infants. Pediatrics 16: 93 (July), 1955. 
A well-planned and technically satisfactory ex- 

periment is presented, in which the effect of hypoxia 
was studied on newborn, premature, and full term 
infants. Newborn infants, both full term and prema- 
ture, failed to respond by hyperventilation, either in 
rate or depth, during hypoxia induced by breathing 
12 per cent oxygen. Premature infants several weeks 
old responded as the adult to hypoxia, with increase 
in respiratory rate and tidal volume. These studies 
further substantiate the author’s previous hypothe- 
sis, that the chemoreceptors in the aortic arch and 
carotid body in the newborn are not as fully de- 
veloped, or are not as sensitive as in older infants, or 
later on in life. 

HARVEY 

Brown, F. K., and Remington, J. W.: Arteriolar 

Responsiveness in Adrenal Crisis in the Dog. 

Am. J. Physiol. 182: 279 (Aug.), 1955. 
The arterioles of the vascular bed of the femoral 

artery were observed to function normally during 
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adrenal crises. They were compared to normal dogs, 
bled so as to have a comparable blood pressure. 
Pressor stimuli were more effective in normal dogs 
than in adrenalectomized subjects. 

OPPENHEIMER 

Cattell, M., and Gold, H.: Relation of Rhythm to 
Force of Contraction of Mammalian Cardiac 

Muscle. Am. J. Physiol. 182: 307 (Aug.), 1955. 
Test objects were isolated papillary muscles of 

the cat heart. Force and frequency of contraction 
were directly related. If rate changes were made 
abruptly, the force of contraction only gradually 
assumed that characteristic of the new frequency 
and the first few contractions were subnormal. 
Conversely, the first few contractions were aug- 
mented when the rate was decreased. The “stair- 
case” phenomenon of Bowditch is similar; here the 
rate is changed from zero to a finite quantity. When 
single extra stimuli were placed close to a member 
of a regular series the next member was more forcible. 
The closer the interval, the greater the response; and 
the effect of a single extra stimulus lasted for several 
minutes. Rhythm or spacing of stimuli seemed more 
important than increased activity itself. 

OPPENHEIMER 

Dury, A., and Di Luzio, N. R.: Effects of Cortisone 

and Epinephrine Exhibition on Lipid Components 

and Phospholipid Turnover in Plasma, Liver and 

Aorta of Rabbits. Am. J. Physiol. 182: 45 (July), 
1955. 
Rats were given single injections of epinephrine 

daily for 14 days. Another series received cortisone 
and a third a combination of cortisone and epineph- 
rine. A contro! series was also provided. Plasma and 
liver lipids were increased by the exhibition of corti- 
sone, with or without epinephrine. These same com- 
binations increased plasma and liver phospholipid 
synthesis. Aortic lipid concentrations and aortic 
phospholipid turnover were unchanged by use of 
cortisone. Changes in plasma lipid after epinephrine 
were only moderate. Increased incorporation of 
isotopic phosphorus in the aorta was observed after 
epinephrine. 

OPPENHEIMER 

Frank, H. A., Frank, E. D., Korman, H., Macchi, 

I, A., and Hechter, O.: Corticosteroid Output 

and Adrenal Blood Flow during Hemorrhagic 

Shock in the Dog. Am. J. Physiol. 182: 24 (July), 
1955. 
During the period of hemorrhagic shock adrenal 

blood flow was reduced to 15 per cent of control 
values. If the rate of adrenal blood flow was above 
17 per cent of preshock flow, then rates of corticoste- 
roid secretion were 60 to 100 per cent of controls. 
When the rate of adrenal blood flow fell below 17 
per cent, the rate of corticosteroid secretion was 
40 per cent or below. The output of corticosteroids 

in the control period or during shock was not cor- 
related with the ability to tolerate shock. 

OPPENHEIMER 

Fregly, M. J.: Hypertension, NaCl Aversion and 

Polydipsia in Rats. Time, Course, and Relation 
to Age. Am. J. Physiol. 182: 139 (July), 1955. 
Renal hypertension was produced in rats 

encapsulating both kidneys of rats with latex. 
four weeks blood pressure was elevated and water 
intake increased. Younger rats were observed to 
have an aversion to NaCl eight weeks after opera- 
tion, when blood pressure was maximum. Older 
rats developed the highest pressures, and salt aver- 
sion was inconsistent. Only in younger hypertensive 
rats were life spans shortened. 

OPPENHEIMER 

Katz, L. N., Katz, A. M., and Williams, F. L.: Meta- 

bolic Adjustments to Alterations of Cardiac Work 

in Hypoxemia. Am. J. Physiol. 181: 539 (June), 
1955. 
In these experiments, cardiac oxygen consumption 

was well correlated with cardiac work, output of the 
left heart, and mean systemic blood pressure. Oxy- 
gen use of heart muscle for any increment of output 
was observed to be greater when these changes took 
place at elevated levels of blood pressure. The 
increase of oxygen consumption for a given rise in 
blood pressure was also greater at higher levels of 
sardiac output. The efficiency of the heart was a 
direct function of work, output of the left heart, and 
mean arterial blood pressure. There was no correla- 
tion with oxygen consumption. A low oxygen con- 
tent was associated with increased cardiac efficiency. 
Use of oxygen was less when arterial oxygen content 
was low. 

The level of cardiac work plays a role in the de- 
termination of cardiac oxygen consumption. This 
is true whether work is used to overcome increased 
pressure or to eject more blood. In some cases, the 
work of the heart increased as oxygen use grew less. 
At this time, pressure in the left atrium was better 
correlated with output of the left heart than either 
systemic arterial pressure or total cardiac work. 
However, changes in pressure in the left atrium did 
not correlate with heart oxygen use. On several 
occasions when there were unexplained changes in 
coronary flow, an increase in cardiac efficiency was 
observed. Useful work was thus increased from a 
fixed amount of oxygen. 

Apparently the heart can alter the mechanism by 
which it obtains energy from oxygen. It appears 
that oxygen use depends on the leve! at which oxygen 
is supplied. The authors also present data that sug- 
gest a possible extracardiac mechanism (nonanoxic) 
that may control cardiac oxygen use in times of 
stress. It should be emphasized that in the intact 
animal, other factors than end-diastolic volume 
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control cardiac work and the manner in which 
energy is provided for such work. 

OPPENHEIMER 

Price, K. C., Hata, D., and Smith, J. R.: Pulmonary 

Vasomotion Resulting From Miliary Embolism 
of the Lungs. Am. J. Physiol. 182: 183 (July), 
1955. 
Heart-lung-head preparations were used that 

could be quickly converted to heart-lung prepara- 
tions. Barium sulfate was utilized to embolize the 
lungs. Pulmonary blood pressure and resistance in- 
creased abruptly, cardiac inflow decreased, and the 
right heart dilated. Death resulted in a few minutes. 
If the circulation to the head was eliminated at the 
height of the response, the pulmonary arterial pres- 
sure gradually subsided and the animals survived. 
Removal of the stellate ganglia and sympathetic 
chain down to the fifth thoracic level prevented the 
response to barium sulfate in the heart-lung-head 
preparation. Hexamethonium also eliminated the 
responses to the emboli. The presence or absence of 
the vagi was immaterial. Disseminated particulate 
emboli of the lungs produce marked pulmonary 
vasoconstriction mediated by pulmonary sympa- 
thetic fibers. 

OPPENHEIMER 

Ruhe, C. H. W., and Horn, R. H.: Circulatory and 

Respiratory Effects of Hypothermia Induced by 

Blood Refrigeration. Am. J. Physiol. 182: 325 
(Aug.), 1955. 
Rabbits were cooled by blood refrigeration. If 

cold blood was returned to the head first, these ani- 
mals died with higher heart and rectal temperatures 
than those in which the blood was first returned to 
the heart. Deaths were probably respiratory in both 
groups. At this time the brain temperature was 16 
C. Rectal temperatures were unreliable measures of 
hypothermia, since they varied widely from heart 
and brain temperatures. The differences were more 
marked at the lower temperature levels. Electro- 
cardiographic changes were observed to be a func- 
tion of heart temperatures, 

OPPENHEIMER 

Stearner, S. P., Brues, A. M., Sanderson, M., and 
Christian, E. J.: Role of Hypotension in the 

Initial Response of x-Irradiated Chicks. Am. J. 
Physiol. 182: 407 (Aug.), 1955. 
Young chicks were exposed to 1000 r x-ray at 48 

r/min. In the period immediately following, severe 
hypotension was observed. Birds that died in the 
first 24 hours had their major fall in pressure during 
the latter half of this period. The moderate earlier 
hypotension was not associated with any renal dis- 
turbances. There was complete anuria associated 
with the later severe hypotension. Although the 
kidney could be protected by shielding, anuria was 
not prevented during severe bouts of low blood 

pressure. Conversely, local irradiation of the kidney 
often produced enough kidney damage to cause fatal 
uricemia. Blood pressure was not changed by local 
irradiation. Sustained hemorrhagic hypotension 
failed to support normal renal function. 

OPPENHEIMER 

St. George, S., Freed, S. C., Rosenman, R. H., and 

Winderman, S.: Influence of Potassium Depriva- 

tion and Adrenalectomy on Potassium Concen- 

tration of the Myocardium. Am. J. Physiol. 181: 
550 (June), 1955. 
Five week old male rats were fed a synthetic diet 

containing 0.006 per cent potassium and 0.6 per 
cent sodium. The latter is a normal amount. On this 
regimen potassium depletion was well advanced in 
five weeks. Rats were maintained on this diet for 
seven weeks, but one half of them had a bilateral 
adrenalectomy at the end of five weeks. All ani- 
mals were sacrificed at the end of seven weeks. After 
adrenalectomy, both controls and those on the 
potassium-deficient diet were observed to have an 
elevated plasma potassium. Potassium of skeletal 
muscle was increased in adrenalectomized rats on 
potassium-deficient diets but not in controls. Neither 
experimental nor control adrenalectomized animals 
were demonstrated to have had any change in myo- 
cardial potassium. Myocardium may have more 
“bound” potassium than skeletal muscle does, and 
hence may be nonexchangeable. 

OPPENHEIMER 

Motley, H. L., and Smart, R. H.: Pulmonary 

Emphysema: Physiologic Factors in Diagnosis 

and Advances in Therapy. J..Am. Geriatrics Soe. 
5: 316 (May), 1955. 

Pulmonary function measurements on 100 pa- 
tients (aged 15 to 70 years), with pulmonary 
emphysema, show that: (1) the main difficulty is the 
increased resistance to moving air in and out of the 
lungs, and (2) the most characteristic abnormality 
in blood-gas exchange, is unequal alveolar aeration 
and perfusion. 

Intermittent positive-pressure breathing of com- 
pressed air, together with suitable bronchodilators, 
is a valuable therapeutic procedure in the treatment 
of pulmonary emphysema. Following such treat- 
ment, an increase of activity is observed. Other 
routine measures may be used in conjunction with 
intermittent positive-pressure breathing of com- 
pressed air. 

RINZLER 

Philips, F. A., Brind, S. H., and Levy, M. N.: The 
Immediate Influence of Increased Venous Pres- 

sure upon Resistance to Flow in the Dog’s 

Hing Leg. Circulation Research 3: 357 (July), 
1955. 
The resistances to blood flow in the vascular bed 

of the denervated hind leg of the anesthetized dog 
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were determined over a wide range of intraluminal 
pressures, while maintaining a constant pressure 
difference bwteeen the arterial and venous ends of 
the circuit. When the arterial and venous pressures 
were increased in parallel fashion, higher absolute 
pressure values resulted in an increase of flow despite 
the constant arteriovenous pressure difference. The 
immediate influence, therefore, of elevated intra- 
luminal pressure is a diminution of resistance to 
blood flow. This indicates that certain vessels, which 
offer significant resistance to blood flow, must be 
distensible and that passive dilatation of these 
vessels, due to the elevated internal pressure, is the 
initial and essential factor in reducing resistance. 

SAGALL 

Bergstrom, W. H.: The Participation of Bone in 

Total Body Sodium Metabolism in the Rat. J. 
Clin. Invest. 34: 997 (July), 1955. 
Sodium exists in the body in at least three phases: 

extracellular fluid, intracellular fluid, and in bone. 
This is a report of a study on rats, some of which 
were depleted of sodium by transperitoneal dialysis 
against ammonium chloride. 

Extracellular sodium furnished 52 per cent of the 
sodium lost; intracellular sodium 20 per cent, and 
bone sodium 28 per cent. Acidosis produced a loss 
of sodium (carbonate) from bone whether or not 
there was a net loss of sodium from the body, and 
the presence of concomitant acidosis may be of 
crucial importance in the mobilization of bone so- 
dium. 

Little or no sodium retention observed (during 
oral or parenteral repair of acidosis and sodium 
depletion) could be assigned to the skeletal phase. 

WaAIFE 

RHEUMATIC FEVER 

Skillman, R. K., Spurrier, W., Friedman, I. A., and 

Schwartz, S. O.: Rheumatic Fever Activity De- 

termination by Two Correlative Methods. Arch. 

Int. Med. 96: 51 (July), 1955. 
The principle of the antigen-antibody reaction 

has been the basis for numerous tests for the indenti- 
fication of infectious diseases. Because rheumatic 
fever is associated with tissue reaction to group A 
beta-hemolytic streptococcus, identification of a 
specific bacterial antigen, or antibodies elicited by 
it, was studied as a means of ascertaining rheumatic 
fever activity. 
Two methods of determination were employed: 

In one method, serum of patients with rheumatic 
fever was used as the antibody source and sheep red 
cells, coated with heat-killed group A beta-hemolytic 
streptococci which had been isolated from active 
rheumatic fever patients, were used as the source 
of antigen. Complement was added to produce 
hemolysis. The second method utilized Group A 
beta-hemolytic streptococcus antiserum obtained 
from rabbits as the antibody source. For the antigen 

source, erythrocytes cf rheumatic fever patients 
exposed to the antigen for coating in vivo were 
used in an agglutination test. 

Control studies of 77 varied patients, including 
those from whom alpha- and beta-hemolytic strepto- 
cocci were isolated, showed no interference with 
either test method by other disease processes. 
Clinical data were correlated in 78 patients: with 
rheumatic fever, most of whom were tested repeat- 
edly. In most cases the titers in both test methods 
were elevated within the first few days of the active 
process. They then gradually subsided and disap- 
peared as the process became inactive. The test 
results and the clinical status of the disease cor- 
related well, although the height of the titer did not 
indicate the severity of the process. 

These methods are of practical value ir. .scer- 
taining activity or quiescence of a rheumauc fever 
process, as well as to distinguish rheumatic fever 
from other disease processes with similar clinical 
manifestations. 

BERNSTEIN 

Czoniczer, G., and Szabo, R.: Lanatoside Test as 
Proof of Rheumatic Carditis. Cardiologia 26: 367 
(Fase. 6), 1955. 
Among 36 patients with active rheumatic cardi- 

tis, a significant transient prolongation of the P-R 
interval occurred in 11 patients, following intra- 
venous injection of 0.08 mg of lanatoside C. This 
not the case in 70 controls, including patients with 
neurocirculatory asthenia, chronic valvular dis- 
ease, and in patients in whom the active stage had 
subsided and the test had been previously positive. 
According to the authors, a positive lanatoside C 
test represents a certain way to establish the diag- 
nosis of an active rheumatic carditis; a negative test, 
however, does not rule out activity. 

Pick 

Mandelbaum, H., and Mandelbaum, R. A.: Bal- 

listocardiographic Studies in Patients with Prob- 

able Myocarditis. Am. Heart J. 49: 661 (May), 
1955. 
Abnormal ballistocardiograms, as evidence of 

probable myocarditis, have been observed in rheu- 
matic fever, disseminated lupus erythematosus, 
scleroderma, trichinosis, acute diffuse glomerulo- 
nephritis, in patients convalescing from infectious 
mononucleosis and pneumonia, and in instances of 
serum or drug sensitivity reactions. During the 
active stage of myocarditis, abnormal ballistocardio- 
graphic patterns were more frequent than electro- 
cardiographic evidence of disease. 

RINZLER 

Stollerman, G. H., Rusoff, J. H., and Hirschfeld, I.: 

Prophylaxis against Group A Streptococci in 
Rheumatic Fever. New England J. Med. 2652: 
787 (May 12), 1955. 
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Observations were made on 145 patients, studied 
for an average of 20 months per patient as outpa- 
tients, and 265 additional patients hospitalized at 
Irvington House, in the acute and convalescent 
stages of rheumatic fever, for an average follow-up 
period of 7.4 months. The patients were treated with 
monthly intramuscular injections of 1,200,000 units 
of benzathine penicillin G. 

There were no recurrences of rheumatic fever in 
the 145 outpatients treated with intramuscular 
penicillin. This was in contrast to 2 recurrences in 
111 patients in a control group treated with oral 
penicillin, and 5 recurrences in 73 patients in a 
control group given sulfadiazine. Of 2,716 throat 
cultures made in the group treated with intra- 
muscular benzathine penicillin G, there were only 3 
positive cultures for group A streptococci. This re- 
sult contrasted with positive cultures in 19.3 per cent 
of untreated controls, 10.7 per cent in 75 patients 
receiving sulfadiazine, and 13.1 per cent in 99 pa- 
tients receiving oral penicillin. The antistreptolysin 
0 titer was determined every four weeks in the pa- 
tients receiving intramuscular penicillin. A signifi- 
cant rise in titer occurred in only 3 patients. Of 
the total number of patients treated with monthly 
injections of benzathine penicillin, evidence of re- 
currence of infection with group A streptococci ap- 
peared in only 4 patients as either a positive culture, 
a rise in antistreptolysin 0 titer or both. 

Of the patients studied, 71 had no clinical evidence 
of heart disease at the time of admission to the study 
and no subsequent signs of heart disease appeared 
in this group. Of 74 patients who were classed as 
having rheumatic heart disease at the beginning of 
the study, 8 were reclassified as having no heart 
disease at the end of the study, and in 3 patients 
there was some evidence of progression of the heart 
disease. 
A total of 4871 injections were administered to the 

410 patients. Deep muscular soreness and tender- 
ness, lasting two or three days, was common. Transi- 
ent low-grade fever, sometimes associated with local 
pain and tenderness, occurred in 10 per cent of the 
patients. Reactions, believed to be due to penicillin 
hypersensitivity, occurred in 5 patients. Three had 
mild, generalized urticaria, 1 had urticaria and 
angioneurotic edema, and 1 had a “serum-sickness’’ 
type of reaction. In the first 4 of these patients, in- 
jections of benzathine penicillin were resumed 
without further allergic manifestations. No attempt 
was made to resume penicillin prophylaxis in the 
last patient. Nonspecific, nonurticarial rashes ap- 
peared in 8 patients, but treatment was not inter- 
rupted. Two of the patients developed subacute bac- 
terial endocarditis due to Streptococcus viridans. 
Both patients recovered following a six week course 
of crystalline penicillin G in large doses. 

RosENBAUM 

ROENTGENOLOGY 

Nesbit, T. E.: A Criticism of Renal Angiography. 

Am. J. Roentgenol. 73: 574 (April), 1955. 
The author suggests that the use of aortography 

be limited to those patients in whom information 
by other means is not available. This limitation is 
based on additional risk to the patient, added ex- 
pense, and failure to provide significant information 
that might alter the course of treatment. 

ScHWEDEL 

Goetz, R. H., Nellen, M., Schrire, V., and Vogel- 

poel, L.: The Clinical Value of Angiocardiography. 

Angiology 6: 63 (April), 1955. 
The authors summarize their experiences in 387 

angiocardiograms in 227 patients during a six-year 
period ending in 1953. The technics employed are 
described in detail. A simple inexpensive apparatus 
was used. Rarely was high speed angiocardiography 
necessary for diagnostic purposes. Hazards of the 
procedure are discussed. In the present series there 
was one fatal complication. 

Angiocardiography has disproved certain errone- 
ous assumptions concerning the composition of the 
normal cardiac contour that were based on the out- 
line of the cardiac chambers found in the cadaver. 
The authors describe their findings in the normal 
heart and in hearts with a wide variety of con- 
genital defects pictorially. They emphasize the ef- 
ficacy of angiocardiography as an ancillary tool, 
facilitating more exact cardiac diagnosis. Its princi- 
pal value lies in its aid to cardiac surgery. 

WESSLER 

SURGERY AND CARDIOVASCULAR 
DISEASE 

Glover, R. P., McDowell, D. E., O’Neill, T. J. E., 

and Janton, O. H.: Mitral Commissurotomy in 
Relation to Pregnancy. J. A. M. A. 158: 895 
(July 16), 1955. 
Rheumatic heart disease is responsible for 90 to 

95 per cent of all organic cardiac lesions in preg- 
nancy. Mitral stenosis, with or without other valvu- 
lar lesions, is the common offender. Its most dan- 
gerous complication is pulmonary edema. The major 
effect of mitral commissurotomy is reduction of 
pulmonary vascular hypertension. In the first 500 
consecutive commissurotomies performed by the 
authors, 5 were carried out during pregnancy. All 5 
patients withstood the operation well and obtained 
marked functional improvement. Mitral commis- 
surotomy may be carried out during pregnancy with- 
out harm to the mother or fetus. In these cases 
therapeutic abortion was avoided. The authors set 
up the following criteria to guide the selection of 
cases for mitral commissurotomy during pregnancy: 
1. The operation is not advisable during pregnancy 
except in patients in stages 3 and 4 (New York 
Heart Association classification). 2. In patients in 
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stages 3 or 4, exploration of the valve and com- 
missurotomy should be performed before thera- 
peutic abortion and sterilization, since many pa- 
tients may be so improved by surgery that such 
measures will not be indicated. 3. Commissurotomy 
is best done in the first trimester. As a rule, it is 
contraindicated after the thirty-second week and 
should be carefully weighed from the sixteenth to 
the thirty-second week. 4. The operation should 
be carried out during pregnancy in a patient of any 
functional grade if repeated emboli are endangering 
the life of the mother and fetus. 5. In patients over 
35 years of age, or in those with atrial fibrillation, the 

condition of the valve found at surgery and the 
response following commissurotomy may be used 
to indicate whether the pregnancy represents too 
great a threat to the patient’s life. Thus, the thoracic 
surgeon enters, with the obstetrician and the cardi- 
ologist, in the management of cases of mitral steno- 

sis in pregnancy. The risk of commissurotomy and 
exploration of the valve to both mother and fetus in 
experienced hands is that of any abdominal or 
thoracic exploration during pregnancy. 

KIrcHELL 

Likoff, W., and Bailey, C. P.: Ventriculoplasty: 

Excision of Myocardial Aneurysm. J. A. M. A. 
158: 915 (July 16), 1955. 
In a 56 year old male patient with myocardial 

infarction, a large ventricular aneurysm, resulting 
from the infarction, was excised. Congestive heart 
failure was improved and the continuing pain of 
coronary artery insufficiency was relieved. Certain 
physical characteristics of ventricular aneurysm 
permit excision without undue blood loss or compro- 
mise of the size or continuity of the left ventricle. 
In view of the natural history of such lesions, it is 
suggested that excision be contemplated prior to the 
development of the serious consequences. 

KITCHELL 

Halmagyi, D., Robicsek, F., Felkai, B., Ivanyi, J., 

Zsoter, T., and Szucs, Z.: Hemodynamic, Renal 

and Metabolic Responses to Experimental Valvu- 

lar Defects in Dogs. Acta cardiol. 10: 93 (Fasc. 2), 
1955. 
Hemodynamic and pharmacodynamic aspects of 

4 types of valvular lesions, produced experimentally 
in dogs, were investigated with the technic of cardiac 
catheterization. In mitral regurgitation, elevation of 
left atrial pressure was followed by a decline of 
pulmonary vascular resistance. Both pulmonary ar- 
terial and left atrial pressure decreased subsequent 
to the administration of sympatholytic agents. Pul- 
monary arterial pressure and resistance increased 
following production of tricuspid incompetence, 
or of pulmonary stenosis. In the former, it was in 
proportion to a concomitant elevation of right 
atrial pressure; in the latter, pulmonary hyperten- 
sion proved proportional to the so-called stenosis 

index. In both groups, pulmonary arterial pressure 
and resistance fell following administration of sym- 
patholytic drugs. 

The results of these experiments suggest the 
presence of a neurogenic vasoconstrictive mech- 
anism in the pulmonary circulation, mediated by 
receptor bodies in the right heart chambers. 

Pick 

Campbell, D. C., and Langston, H. T.: Intrathoracic 
Surgical Procedures in Patients Past the Age of 

Sixty. J. Am. Geriatrics Soc. 5: 330 (May), 1955. 
The authors report on major intrathoracic surgical 

procedures performed with gratifying success on 
31 patients, 60 years of age or older. These operations 
were performed for known or suspected malignant 
conditions, and in 23 of the 31 patients, the presence 
of malignant disease was confirmed. Definitive 
surgical procedures were carried out in all but 8 
instances and included all degrees of pulmonary re- 
section. There were 2 deaths in the entire series, and 
11 postoperative complications. Of 9 patients with 
known cardiac disease, only 4 suffered from heart 
failure after operation. 

RINZLER 

Vaughan, R. H., Deterling, R. H., Jr., and Smith, 

F. M.: Successful Excision of an Aortic Aneurysm 

Explored as a Paraspinal Tumor. New England 
J. Med. 253: 15 (July 7), 1955. 
In a man, aged 49 years, who had low back pain 

for one year, diagnostic studies disclosed a mass at 
the level of the twelfth dorsal vertebra, associated 

with destruction of the bodies of the eleventh and 
twelfth dorsal vertebrae. Preliminary diagnosis in- 
cluded tuberculosis, neoplasm, and Paget’s dis- 
ease. At the time of exploratory surgery, a biopsy 
was performed including a portion of necrotic bone, 
after repeated aspirations failed to produce pus or 
blood. The biopsy was followed by a gush of ar- 
terial blood, making it clear that the mass was an 
aneurysm. It was possible to isolate the mouth of 
the saccular aneurysm and to resect the aneurysm 
successfully. The celiac axis and superior mesen- 
teric artery arose from the aorta anterior to the 

aneurysmal orifice. The patient made a good re- 
covery and, after six months, returned to work as a 
chauffeur. He was free of pain, and working, two 
years following the operation. This case emphasizes 
the fact that an aneurysm may masquerade as an 
inflammatory mass or neoplasm, especially when 
located in the posterior mediastinum or in the para- 
spinal region. Both laminagraphy and needle biopsy 
failed to reveal the true diagnosis. Visualization 
technics might have been quite informative. 

RosENBAUM 

Duff, R. S.: Effect of Adrenaline and Noradrenaline 

on Blood Vessels of the Hand before and after 

Sympathectomy. J. Physiol. 129: 53 (July), 1955. 



ABSTRACTS 949 

The present study attempts to assess the influence 
if sympathectomy on the reactivity of the blood 
vessels of the hand to noradrenalin and adrenalin. 
Vascular responses in the upper limbs of 10 patients, 
between the ages of 18 and 45 years, were studied 
before, and some days after, cervicothoracic sym- 
pathectomy. Blood flow in the hand was measured by 
venous occlusion plethysmography. Synthetic 1- 
adrenalin tartrate or l-noradrenalin bitartrate in 
various concentrations was injected into the brachial 
artery. 

Preoperatively, adrenalin caused vasoconstric- 
tion (mean of 16 per cent) if injected at a rate of 
\¢ yg/min. Sympathectomy significantly increased 
the vasoconstriction at this rate to 44 per cent. It 
gave similar results at slower rates of infusion. This 
increased sensitivity occurred well before the first 
week. 

Noradrenalin had a consistently greater con- 
strictor effect than adrenalin at all dosage levels 
preoperatively. Sympathectomy significantly in- 
creased the vasoconstrictor effect of noradrenalin 
but this increased sensitivity (2 x) was not as great 
as with adrenalin (3 x). 

Noradrenalin caused more vasoconstriction than 
adrenalin. Sympathectomy caused increased sensi- 
tivity to these drugs in some, but not all, individuals. 
This result conflicts with Cannon’s theory that 
sympathectomy necessarily results in vascular 
supersensitivity. That preganglionic section causes 
greater sensitivity, was not confirmed; in this series 
ganglionectomy caused no more sensitivity than 
preganglionic section. 

WECHSLER 

Watts, D. T.: Epinephrine in the Circulatory Blood 

during Ether Anesthesia. J. Pharmacol. & Exper. 
Therap. 114: 203 (June), 1955. 
Plasma levels of epinephrine of rabbits under 

ether anesthesia, dogs under thiopental and ether 
anesthesia, and dogs under ether anesthesia alone, 
were determined by use of the bioassay method on 
rat uterus of Gaddum and Lambeck (1949). 

The mean epinephrine content rose in plasma of 
rabbits under ether anesthesia and of dogs during 
ether overdosage, hypertensive episodes, respiratory 
depression, and cardiovascular failure with hypo- 
tension. In dogs during quiet ether anesthesia, there 
may be no detectable plasma epinephrine. 

Ether anesthesia can increase plasma epinephrine 
levels in dogs and rabbits. Anoxia and hypotension 
are important and perhaps primary factors for 
initiating the release of this hormone. Epinephrine 
release is one of the defensive mechanisms against 
failing physiologic function during anesthesia. The 
increased epinephrine may account for the cardiac 
arrhythmia, hyperglycemia, and acidosis during 
ether anesthesia, and stresses the importance of 

maintaining adequate oxygenation and blood pres- 
sure. 

WECHSLER 

Collins, V. J., and Grantelli, A.: Controlled Hypo- 

thermia during Anesthesia in Human Adults. Use 
in Cardiovascular Surgery. Preliminary Observa- 

tions. Angiology 6: 118 (April), 1955. 
Detailed protocols are presented of the physio- 

logic alterations in 5 patients during controlled 
hypothermia for vascular surgery. The refrigerant 
was a solution of 30 per cent alcohol in tap water, 
pumped through pads encasing the patients. Best 
results were obtained by preceding the induction of 
hypothermia with general anesthesia. There were no 
significant anesthetic or operative complications. 
Because bleeding was minimal, the authors suggest 
that hypothermia deserves consideration in the 
management of patients under anticoagulant ther- 
apy who require surgery. 

WESSLER 

THROMBOEMBOLIC PHENOMENA 

Roach, H. D., and Laufman, H.: Relationship 

Between Pulmonary Embolism and Pulmonary 

Infarction: An Experimental Study. Ann. Surg. 
142: 82 (July), 1955. 
The authors produced thrombi in the blood stream 

of dogs, using bovine thrombin injected into the 
venous system, and studied the effects of the 
subsequent pulmonary emboli. Only in a small 
number of cases was infarction produced; when it 
was associated with atelectasis or pneumonia. 
Examination of the areas of involvement revealed 
changes, suggesting that the parenchyma had been 
abnormal before embolization. 

The studies were repeated in dogs with distemper, 
because such animals usually had pneumonia. About 
half of this group showed frank hemorrhagic infarc- 
tion in pneumonic lobes at postmortem examination. 

In another group of dogs, the right lower lobe 
bronchus was ligated distal to the first branch of 
the bronchus and again pulmonary emboli were 
produced. It was found that limited decrease in 
ventilation did not materially influence the forma- 
tion of infarction following embolization. However, 
additional ligation of the corresponding branch of 
the pulmonary artery, did increase the incidence of 
pulmonary infarction. Plugging the bronchus of the 
right lower lobe with cotton and ligation of two 
pulmonary vein branches produced infarction even 
without the formation of pulmonary emboli. 

It was concluded that a firm, bland pulmonary 
embolism is more likely to lead to pulmonary 
infarction when infection, decreased aeration, or 
congestion is present in the lungs. 

ABRAMSON 

Williams, G.: Experimental Arterial Thrombosis. 
J. Path. & Bact. 69: 199 (Jan.-April), 1955. 
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Thrombi were produced in the arteries of rabbits 
by damaging the endothelium and slowing the 
circulation by occluding with clamps. Both mural 
and occluding thrombi were produced and their 
organization was followed over a period of 84 days. 
Endothelium overgrows mural thrombi within 48 
hours. Later the fibrin becomes hyalin and elastic 
fibers are laid down. Occluding thrombi show new 
vascular channels within 10 days. The fibroblastic 
cells in the thrombi are thought to be derived from 
endothelial cells. The similarities of organizing 
thrombi experimentally produced and naturally 
occurring in man are presented, and the role of this 
process as a factor in the etiology of atherosclerosis 
is pointed out by the author. 

HARVEY 

Jepson, R. P.: Peripheral Arterial Embolism. Brit. 
M. J. 2: 405 (Aug. 13), 1955. 
Attention is directed exclusively to emboli to the 

lower extremities, since in the opinion of the author 
“emboli in the upper extremities do not often 
constitute a surgical problem.” Of 97 emboli (in 72 
patients) 7 were to the aortic bifurcation, 9 iliac, 
38 common femoral, 27 superficial femoral, 14 
popliteal, 2 tibial. In 84 per cent of the patients 
there was atrial fibrillation, and in 16 per cent 
recent myocardial infarction. 

Multiple emboli, including visceral ones, were 
frequent. Venous thrombosis was a complication in 
the embolized limb. There may be a time lapse 
before development of pain, and the pain may be 
located appreciably distal to the point of impaction. 

In the differential diagnosis one must consider 
acute thrombophlebitis with extreme reflex arterial 
spasm (phlegmasis coerula dolens), arterial thrombo- 
sis, and dissecting aneurysm. Transmission of the 
thrust of each pulse through the clot to the fluid- 
filled vessel beyond may result in palpation of what 
seems like a normal pulse (Nordentoft’s sign). 
Arterial: spasm with embolism may have been 
exaggerated. Collapse of vessels, distal to the 
occlusion, may be due to lowering of intraluminal 
pressure according to the implications of Burton’s 
“critical closing pressure.” 

Conservative treatment consists of maintenance 
of blood pressure, relief of pain by heavy sedation, 
and reflex relaxation of peripheral vasculature by 
heating the body. The limb should be kept horizontal 
at 25 C. Vasodilator drugs are ineffective. 

The author advises embolectomy for embolus to 
the aortic bifurcation, following which heparin is not 
given, since he deems the risk of thrombosis less 
than of massive hematoma in the wound. Embolec- 
tomy is also recommended for femoral emboli but 
conservative measures are held most practical for 
lower emboli because of difficulties in making the 
necessary exposures. 

McKvsick 

Krause, S., and Silverblatt, M.: Pulmonary Em- 

bolism. Arch. Int. Med. 96: 19 (July), 1955. 
In recent years authors have frequently reported 

that pulmonary embolism is being underdiagnosed. 
These authors believe a high index of suspicion 
toward this complication is necessary. One should 
be especially aware of the frequency of pulmonary 
embolism as a complication of congestive heart 
failure. Apprehension, anxiety, and their concomi- 
tants should be considered ‘“premonitory” symp- 
toms of pulmonary embolism. These warnings, often 
confirmed by early electrocardiographic studies, 
should lead to the institution of appropriate, vig- 
orous prophylactic treatment. Electrocardiograms 
should be obtained immediately and should be com- 
pared with control tracings, since they may be diag- 
nostic or suggestive of pulmonary embolism when 
physical signs are absent. In the future, a higher 
incidence of successful removal of an obstructing 
embolus from the main pulmonary artery or its 
branches may be accomplished. 

BERNSTEIN 

Bassen, F. A.: The Variability of Prothrombin 

Time Determinations with “Standardized Throm- 
boplastin Preparations”. J. Mt. Sinai Hosp. 22: 
112 (July-August), 1955. 
Prothrombin-time dilution curves were made 

with each of 4 widely used, commercial thrombo- 
plastin preparations, with prothrombin-free plasma 
as the diluent. The curves were quite similar, even 
though the 100 per cent plasma control times varied 
to some extent. The time of the more dilute mixtures 
could not be predicted from the time obtained on 
the whole plasma. Plasmas from Dicumarolized pa- 
tients gave unpredictable results. Variations in time 
with one preparation bore no constant relationship 
with those of another; often the shortest times were 
obtained with the thromboplastin givmg the longest 
control time. The various thromboplastin prepara- 
tions for use on Dicumarolized plasmas could not be 
standardized by comparison with normal plasma 
diluted with barium sulfate-adsorbed plasma, be- 
cause of differences between normal diluted plasmas 
and Dicumarolized plasmas. 

In general, it was found that for therapeutic pur- 
poses, a 5 to 10 per cent prothrombin level is most 
satisfactory, and prothrombin times need not ex- 
ceed 25 seconds, although bleeding has occurred at 
these levels. 

CoRTELL 

Chiche, P., Jallat, H., and Acar, J.: Pulmonary 
Infarcts with Hemoptysis and Anticoagulant 

Therapy. Arch. mal. coeur 48: 529 (June), 1955. 
Referring to two personal observations, the au- 

thors discuss the problem of anticoagulant therapy 
in cases of pulmonary embolism complicated by 
massive hemoptysis. The first case, a 31 year old 
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| itient with mitral stenosis, in whom anticoagulants 
\ ere stopped subsequent to severe hemorrhage in the 
‘urse of a pulmonary embolus, died from increasing 
| oart failure. Autopsy revealed multiple pulmonary 

farcts and severe hemorrhagic pulmonary edema. 
, another similar case, anticoagulant treatment was 
mtinued despite the occurrence of the hemorrhage, 
id this patient recovered. 
Massive pulmonary bleeding in mitral disease sub- 
quent to a pulmonary embolus appears to be at- 
ibuted to pulmonary hypertension and develop- 
.ent of abundant alveolar exudation rather than to 
ae treatment with anticoagulants. Continuation of 
nticoagulants to prevent new emboli, together with 
\l possible attempts to combat acute heart failure, is 
adicated in such difficult situations. 

Pick 

oley, W. T.: The Use of Anticoagulants in Geri- 

atrics. Geriatrics 10: 299 (July), 1955. 
The author states that anticoagulants have been 

used in the treatment of every type of intravascular 
thrombosis, and are used routinely in phlebitis and 
pulmonary embolism. Strong evidence has been 
presented in favor of their use in prevention of emboli 
from fibrillating and rheumatic hearts. The author 
believes that cases of myocardial infarction should 
be given anticoagulants, except where contraindi- 
cated. Investigations are being carried out relative 
to the use of anticoagulants in cerebral thrombi and 
emboli. Technics for administration of anticoagu- 
lants are given. 

RINZLER 

VASCULAR DISEASE 

Franklin, R. B., and Mankin, J. W.: Arteriovenous 

Aneurysms of the Innominate Vessels. Arch. 
Int. Med. 96: 413 (Sept.), 1955. 
Arteriovenous aneurysm of the innominate vessels 

is a rare lesion. Two such cases have been found in 
the literature and a third is reported. The rarity of 
this lesion may be explained by the fact that a 
penetrating mediastinal injury, which might cause 
it, is usually fatal. 
Three cases had the following features in common: 

(1) penetrating injury of the right upper chest 
resulting in internal hemorrhage, (2) latent period 
f 5 to 13 months between the original injury and 
ecognition of an arteriovenous aneurysm, (3) a 
‘ontinuous murmur and thrill in the second right 
ntercostal space, and (4) absence of the superior 
nediastinal syndrome, distinguishing this lesion 
‘rom an arteriovenous aneurysm involving the 
.ortic arch. 

BERNSTEIN 

3uttross, D. Jr., and Salatich, J.: Rupture of Aortic 

Aneurysm into the Pulmonary Artery. Report of 
a Case Proved by Cardiac Catheterization. 

Am. J. Med. 19: 159 (July), 1955. 

A case is reported in which erosion of an aneurysm 
of the aorta into the pulmonary artery, with pro- 
duction of a fistula between these 2 vessels, was 
proved by cardiac catheterization. The patient was 
alive and in a fair state of health 19 months after 
the episode occurred. The diagnosis and patho- 
physiology of this condition are discussed. 

Harris 

Bragdon, J. H., and Mickelsen, O.: Experimental 
Atherosclerosis in the Rat. Am. J. Path. 31: 965 
(Sept.-Oct.), 1955. 
Effects of intravenous administration of serum 

lipoproteins in the rat are reported. Serum with high 
cholesterol content was obtained from rabbits 
that were fed cholesterol and was iniected intra- 
venously into rats under a variety of conditions. 
Cholesterol values in the rat serum were obtained 
and the hearts and aortas of the rats were examined 
post mortem. An atheromatous-like change was 
found in the endocardium only, without any change 
in the aorta. 

HARVEY 

Thomson, A. P., and Marson, F. G. W.: Dissecting 

Aneurysm of the Aorta. Lancet 1: 482 (March 5), 
1955. 
The authors describe in 2 cases a sign of dissecting 

aneurysm with external rupture: ecchymosis over 
the neck and upper thorax. The pulsating character 
of the pain was striking in 1 patient. One patient, 
aged 50, survived one year after external rupture 
and died finally of cerebral hemorrhage. 

McKvusick 

Oester, Y. T., Davis, O. F., and Friedman, B.: 

Experimental Arteriopathy. Am. J. Path. 31: 
717 (July-Aug.), 1955. 
The authors report on a method for producing 

arteriopathy in rabbits. Two hundred and ten adult 
albino rabbits divided into 3 groups were studied. 
One group served as controls, another was given 
daily intravenous injections of cholesterol suspension 
containing 40 mg. of cholesterol per Kg. of body 
weight for 11 days, and the third was subjected to 
daily intravenous injections of epinephrine, 40 
gamma per Kg. of body weight, and intradermal 
injections of thyroxine, 0.15 mg. per Kg. of body 
weight for 11 days. All animals were sacrificed and 
the aortas examined grossly and microscopically. In 
the control group, only 1 animal showed sclerotic 
plaques on the aorta, whereas 23 of 32 animals 
treated with the cholesterol suspension, showed 
gross lesions of atherosclerosis. Forty-three of 48 
animals treated with thyroxine-epinephrine in- 
jections showed medial necrosis but little intimal 
change. In another 6 animals, given combined 
treatment, severe arteriopathy of both types was 
seen in all. The etiology and pathogenesis of the 
changes are discussed. 

HARVEY 
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DiGuglielmo, L., and Guttadavro, M.: Aortic 
Stenosis Associated with Aneurysmal Dilatation 

of the Ascending Aorta. Acta radiol. 43: 437 
(June), 1955. 
This is a case report of a 32-year-old woman with 

a loud systolic murmur maximal at the aortic area, 
and a diastolic rumble extending upward from this 
area; the blood pressure was 110/90 in the upper 
extremities, 135/95 in the legs. There were calcified 
aortic valve leaflets on roentgenography, and a 
markedly dilated aortic arch extending from the 
valve region to just beyond the left subclavian 
artery demonstrable on angiocardiography. 

The authors attributed the diastolic murmur to 
eddies of flow in the greatly dilated aorta; obviously 
the murmur was not due to aortic insufficiency. Two 
mechanisms could explain poststenotic dilatation: 
congenital weakness of the aortic wall and increased 
lateral pressure secondary to the rapid velocity of 
the jet flow from the ventricle into the aorta. 

SCHWEDEL 

Hulting, B., and Vendsalu, A.: Coarctation of the 

Aorta in Unusual Sites. Acta radiol. 48: 453 
(June), 1955. 
The authors report on a case of coarctation of the 

aorta at the level of the diaphragm. The diagnosis 
was suggested by lower blood pressures in the lower 
extremities than in the upper, and confirmed by 
angiocardiography and aortography. 

The authors present the important radiographic 
findings in cases previously reported, most of which 
were in the lower thoracic region, and others in the 

abdominal aorta. They suggest that in patients in 
whom the diagnosis is suspected on the basis of 

differential blood pressures, and who do not display 
evident collaterals in the upper thoracic region, 

atypical sites should be sought for by opacifying the 
descending aorta. 

SCHWEDEL 

Collens, W. S., Altman, M. A., and Stern, A. B.: 

A Motorized Treadmill: A Method for Quanti- 

tating Intermittent Claudication. Am. J. M. Sc. 
230: 190 (Aug.), 1955. 

An objective test for measuring diminished 
walking capacity for patients with arterial occlusive 

disease is useful for clinical assessment of the dis- 
order and for the evaluation of drug therapy. Such 
a test is provided by the use of a motorized tread- 
mill and has the advantage of measuring the effort 
that elicits claudication sharply upon contraction of 

the muscles normally used in walking. The construc- 
tion and method of use of the treadmill are reported, 

together with several case reports of its employ- 
ment in the evaluation and treatment of patients 
with obliterative arterial processes. 

SHUMAN 

OTHER SUBJECTS 

Shore, M. L., Zilversmit, D. B., and Ackerman, R 
F.: Plasma Phospholipide Deposition and Aortic 

Phospholipide Synthesis in Experimental Ather 
osclerosis. Am. J. Physiol. 181: 527 (June) 
1955. 
New Zealand rabbits were maintained for five 

months on diets supplemented with cholesterol dis 
solved in vegetable fat. These animals, and a con 
trol series, were then injected intravenously witl 
native plasma phospholipids that were labeled witl 
P®, The resulting atheromatous thoracic aorta 
were examined for phospholipids by extraction wit] 
alcohol-ether and petroleum ether. Deposition o 
plasma phospholipids could account for less thar 
one tenth of that detected in the atheromatou: 
thoracic aortas. This emphasizes the point that 
most of the phospholipid in experimental athero- 
matosis is synthesized locally in the tissue of the 
aortas. 

OPPENHEIMER 

Tobian, L. Jr., and White, L.: Effect of a Low So- 

dium Diet on Electrolyte Composition of Arterial 
Wall. Am. J. Physiol. 181: 599 (June), 1955. 
Normal rats were maintained on a low-sodium 

diet. On a regimen like this, sodium in their aortas 
was reduced 12 per cent, and phosphorus was 
significantly elevated. In these animals, there was a 
very small increase in serum sodium. Water, mag- 
nesium, and potassium of aortas were unchanged 
when compared to those of a control group. Sodium 
restriction did not reduce blood pressure signifi- 
cantly. However, the author believes that the low- 
sodium content of aortas, after restriction of sodium 
in the diet, may be related to the tendency for 

blood pressure to be lower in such rats. 
OPPENHEIMER 

Abramson, J., and Tenney, B.: Cardiac Disease in 

Pregnancy. New lIingland J. Med. 268: 279 
(Aug. 18), 1955. 
The incidence of organic heart disease in preg- 

nancy is said to range in various clinics from 0.3 
to 2.0 per cent and the average death rate in cases 
of heart disease in pregnancy is between 2 and 3 
per cent. The authors cite the report of Adams that 
the cardiac output increases by approximately 30 
per cent immediately after delivery and is main- 
tained at this level for the first few days post- 
partum. This rise is said to result from the extra 
blood squeezed from the maternal sinuses as the 
uterus contracts, and the release of the pressure 
of the uterus upon the great veins of the pelvis 
and lower extremities. The authors liken the effects 
of normal uterine contractions during labor to re- 
peated small autotransfusions. Since no such 
gradual preparation for obliteration of the placental 
circulation occurs with abdominal delivery, this 
may explain, in part, the greater mortality rate 
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. sociated with cesarean section in patients with 
} sart disease. The physiologic changes occurring 

the circulation during pregnancy are reviewed, 
id it is pointed out that the greatest strain upon 
ie cardiovascular system occurs at 28 weeks of 
station and immediately postpartum. Recent 
ports are reviewed concerning the evaluation of 
ie cardiac status during pregnancy, the occurrence 
* congestive heart failure’ and subacute bac- 
rial endocarditis. The onset of congestive heart 
iilure should be suspected if the vital capacity 
ecomes diminished at any period of the pregnancy, 
the pulse rate rises above 110 per minute, or if 

he respiratory rate exceeds 24 per minute. Weight 
ain during pregnancy in these patients should be 
imited to 18 pounds, and a sudden increase in 
eight may denote impending congestive heart 
iilure. If congestive heart failure occurs during 
regnancy, it should be treated in the usual way. 
‘he authors state that there are no established harm- 
ul effects of mercurial diuretics on the fetus. Quini- 
dine or procaine amide may be used when indicated, 
since these drugs are not oxytocic. The manage- 
iment of labor and delivery is reviewed. Oxytocic 
agents should not be given routinely during the 
second stage, lest the contractility of the uterus be 
inereased and greater amounts of blood than usual 
be forced into the blood stream. A loss of a moder- 
ate amount of blood in the third stage may be 
helpful, but the authors caution against excessive 
blood loss 

It is said that valvuloplasty may be resorted 
to in mitral stenosis, but surgery should be avoided 
during pregnancy unless it seems to be a life-saving 
measure. After mitral-valve surgery, the patient 
may undertake future pregnancies with much less 
risk. In these patients, the cardiac status should 
be treated as if the patient were not pregnant and 
the obstetric problem as if she did not have heart 
disease. 

ROSENBAUM 

Kohn, L. A., and Nichols, E. B.: Interference with 

Uptake of Radioiodine Tracer during the Ad- 
ministration of Vitamin-Mineral Mixtures. New 
England J. Med. 258: 286 (Aug. 18), 1955. 
This study was undertaken because of the con- 

sideration that the supplementary intake of iodine 
n vitamin-mineral preparations may interfere with 
liagnostic studies of radioiodine uptake. At least 
16 vitamin-mineral formulas commonly sold with- 

out prescription contain iodine, perhaps sufficient 
to block radioiodine uptake. Eight apparently 
euthyroid patients were given 2 capsules of Gevral 
daily, a preparation containing 0.5 mg. of iodine 
per capsule. A scattered response was observed, said 
to be expected on the basis of iodine from food, 
differences in absorption from the bowel, and a 
considerable range of avidity of the normal thyroid 
for iodine. However, in some subjects there was a 
definite blocking effect during the period of intake 
of the drug, with a tendency to recover the pre- 
treatment level when the drug was stopped. It is 
recommended that patients being considered for 
determination of radioiodine uptake be questioned 
regarding their ingestion of compound vitamin- 
mineral preparations, and it is concluded that such 
preparations may explain unexpectedly low values 
in any extended series of observations. 

RosENBAUM 

Meacham, G. C., and Weisberger, A. S.: Unusual 

Manifestations of disseminated Lupus Erythem- 

atosus. Ann. Int. Med. 43: 143 (July), 1955. 
One of the most important characteristics of 

disseminated lupus erythematosus (L.E.) is its 
simulation of other diseases. The most common 
clinical findings consist of fever, involvement of the 
skin and serous surfaces, alopecia, renal and ocular 
signs, adenopathy, splenomegaly, leukopenia, ele- 
vated serum globulin and predominance in females. 
However, early manifestations of this disease may 
be obscure. In this series of cases, thrombocytopenic 
purpura, hemolytic anemia, the presence of a circu- 
lating anticoagulant, a false-positive serologic test 
for syphilis, Raynaud’s phenomenon, and intestinal 
perforation were seen either as the initial manifesta- 
tion of the disease or during its course. The authors 
believe that a positive L.E. test (i.e., L.E. cells and 
rosettes) is diagnostic of disseminated lupus ery- 
thematosus. No false-positive L.E. tests were en- 
countered. Negative L.E. preparations, however, 
do not rule out this disease, and it is often neces- 
sary to repeat the test. Disseminated lupus ery- 
thematosus may be present for long periods of 
time before a positive L.E. test is found, and the 
L.E. test is more frequently positive where there 
is an exacerbation of the disease. The authors sub- 
scribe to the theory that disseminated lupus ery- 
thematosus is due to hypersensitivity to an unknown 
agent. 

WENDKOS 
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APPLICATIONS FOR AHA RESEARCH 
SUPPORT NOW BEING ACCEPTED 

Applications by research investigators for 

support of projects to be undertaken during 

the fiscal year beginning July 1, 1957 are now 
being accepted by the Association. 

The application deadline for research fellow- 

ships and established investigatorships is 

September 15, 1956. Applications for grants- 
in-aid must be made by November 1, 1956. 

Funds for Association supported research in 

the cardiovascular field are provided by public 
contributions to the annual Heart Fund. At 

least half of all funds received by the American 

Heart Association National Office are allocated 
to research. Approximately $15 million have 
been expended on research support by the 

Association and its state and local affiliates and 

chapters in the past 8 years. 
Applications may be made for awards in the 

following categories: 
Established investigatorships: Awarded for 

periods of up to 5 years, subject to annual 

review, in amounts ranging from $6,000 to 

$9,000 yearly, to scientists of proven ability 

who have developed in their research careers 
to the point where they are independent in- 
vestigators. 

Research Fellowships: Awarded to young men 

and women with doctoral degrees for periods 
of 1 or 2 years to enable them to train as in- 

vestigators under experienced supervision. 
Annual stipends range from $3,500 to $5,600. 

Grants-in-aid: Made to experienced investi- 

gators to provide support for specified projects. 

Grants are made in varying amounts usually 
not exceeding $10,000. 

The Association now maintains another and 
unique form of research support, the Career 
Investigatorship. This is given to a limited 
number of scientific investigators of unusual 

capacity and accomplishment to assure them 
of financial support throughout their pro- 

ductive lives. Career Investigators are selected 

on the initiative of the Researc'! 
and not by application. 

Further information and applications may 

be obtained from the Medical Director, Ameri- 

can Heart Association, 44 East 23 Street, 
New York 10, N. Y. 

:mittee 

AHA SCIENTIFIC SESSIONS 
PROGRAM OUTLINED 

A tentative program has been outlined for 

the American Heart Association’s 29th 

Scientific Sessions to be conducted in Cincinnati 

in conjunction with the Association’s Thirty- 

second Annual Meeting, October 26-31. The 

schedule, as drafted by the Program Com- 

mittee of the Association’s Scientific Council, 

includes original papers, panels and symposia, 

special memorial lectures, films and technical 
and scientific exhibits, most of which will be 

concentrated at the Cincinnati Music Hall 

beginning Friday evening, October 26, and 

continuing through Monday, October 29. 
General sessions, which will be held on three 

mornings, will endeavor to include those papers 

of the widest interest to all professional disci- 

plines attending the Scientific Sessions. 
Specialized Sessions, which will be afternoon 

events, will encompass those papers of par- 

ticular interest to the members of the various 

sections and councils of the Association. 

Memorial Lectures 

The George E. Brown and Lewis A. Conner 

Memorial Lectures are to be presented on 
Saturday and Sunday mornings. Hugh Mont- 
gomery, M.D., of the University of Pennsyl- 
vania, has been invited by the Section on 

Circulation to give the Brown Lecture. Charles 
Rammelkamp, M.D., of the School of Pre- 
ventive Medicine of Western Reserve 
University, has been asked by the Scientific 
Council to deliver the Conner Lecture. 

The American Heart Association’s Annual 
Dinner, will be held on Sunday, October 28, 

Circulation, Volume XIII, June, 1956 
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it the Netherland Plaza Hotel. Two luncheon 
neetings also have been scheduled at the 

i1otel, one to be conducted by the Council on 

Yommunity Service and Education on Sunday, 

ind the other to be given on Monday by the 
Souncil on Rheumatic Fever and Congenital 
Heart Disease. 

The Monday luncheon will be followed by a 

Scientific Session at which papers on rheumatic 

fever and congenital heart disease will be pre- 
sented. The Community Service event will be 
followed by a program of interest to both pro- 
fessional and lay audiences. This program will 
be in addition to the presentations made under 

the auspices of the Community Service and 

Education Council as part of the Scientific 

Sessions. These presentations are to consist of 
original papers to be reviewed by the Program 

Committee of the Scientific Council on the same 

basis as will papers in the areas of interest of 
the other sections and councils. 

It is estimated that there will be facilities at 

the Music Hall in Cincinnati for approximately 

40 scientific exhibits and 88 technical exhibits. 

Commercial firms interested in presenting 

technical exhibits should address inquiries to 
Stephen K. Herlitz, Exhibit Manager, 280 
Madison Avenue, New York. A special medical 

film program is now being arranged. 

The Schedule 

Here is the tentative schedule of Scientific 
Sessions: 

Friday evening, October 26: Sessions on in- 

strumentation, electrocardiography, ballisto- 
cardiography and vectorcardiography. 

Saturday, October 27: Morning—General 

session sponsored by Sections on Clinical 
Cardiology and Cardiovascular Surgery; Brown 

or Conner Lecture. 

Afternoon—Panel or symposium arranged by 

Section on Clinical Cardiology; simultaneous 

specialized sessions sponsored by Sections on 
Basic Science and Circulation (jointly) and by 

Section on Cardiovascular Surgery. 

Sunday, October 28: Morning—General ses- 
sion sponsored by Sections on Clinical Cardi- 
ology, Basic Science and Circulation; Brown 

or Conner Lecture. 
Afternoon—Panel or symposium arranged by 

Section on Clinical Cardiology; simultaneous 
specialized sessions sponsored by Sections on 

Basic Science and Circulation (jointly) and 

by the Council for High Blood Pressure 
Research. 

Monday, October 29: Morning—General ses- 

sion sponsored by Section on Clinical Cardi- 
ology and Council for High Blood Pressure 
Research; symposium on ‘Cardiac Rehabilita- 

tion” sponsored by Council on Community 
Service and Education. 

Afternoon—Panel or symposium arranged by 

Section on Clinical Cardiology; simultaneous 

specialized sessions sponsored by Sections on 

Basic Science and Circulation (jointly) and by 

Council on Rheumatic Fever and Congenital 

Heart Disease. 

Review of Papers 

Papers submitted for presentation at the 

Scientific Sessions will be reviewed by the 

Program Committee of the Scientific Council 
and by the program committees of the individ- 

ual sections and councils. This review will 
begin immediately after the deadline for sub- 
mission of abstracts, June 15. 

COMMITTEE APPOINTED TO REVIEW 
HAVANA CONGRESS ABSTRACTS 

A committee has been appointed by E. 

Cowles Andrus, M.D., Chairman of the As- 

sociation’s Scientific Council, to review 

abstracts submitted by United States phy- 

sicians and research investigators for presenta- 

tion at the Inter-American Congress of 

Cardiology in Havana, November 11 to 17. 

This procedure is required under the regulations 

of the Inter-American Cardiological Society 

which provide that papers must be submitted 

through the national cardiologic society of the 

country in which the authors reside. 

To be eligible for consideration, United 

States papers must be sent to the Association 

by July 1. They should not exceed 200 words 

in length. Time allotted for the actual presenta- 

tion of each paper will be 10 minutes, with an 

additional 5 minutes for discussion. 

The program of the Inter-American Congress 

will include panel discussions, symposia, lec- 
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tures, presentation of scientific papers, scientific 

and technical exhibits and motion pictures. 
Registration fee for the entire Congress is $25, 
and associate membership registrations are 

provided for members of the registrant’s family 

at $10 each. Money orders should be sent to 

the Congress Treasurer, Dr. Luis Ortega 

Verdes. All communications regarding the 

Congress, except abstracts, should be addressed 

to the Fifth Inter-American Congress of 

Cardiology, Apartado 2108, Havana, Cuba. 

SECOND EUROPEAN CARDIOLOGY 
CONGRESS, SEPTEMBER 10-14 

The Second European Congress of Cardi- 

ology will be held in Stockholm, Sweden, 

September 10 to 14. United States physicians 

are welcome to participate. The Association 

will be officially represented. Fuller information 

may be obtained from Dr. Karl Erik Grewin, 

Secretary General, Second European Congress 

of Cardiology, Sodersjukhuset, Stockholm, 

Sweden. 

1955 HIGH BLOOD PRESSURE 
RESEARCH PROCEEDINGS 

The Proceedings of the 1955 Annual Meeting 

of the Association’s Council for High Blood 
Pressure Research have been published in book 

form, and are now available from the Associa- 

tion. The volume contains all 8 papers pre- 

sented in the meeting at Cleveland last 

November, together with verbatim transcripts 

of the ensuing discussions. The Proceedings 
offer a concentration of the latest knowledge 

in the field of hypertension, particularly with 
regard to its neurovascular aspects. 

REVISED DIAGNOSTIC GUIDE 
ON CONGENITAL DEFECTS ISSUED 

A newly revised edition of the booklet, 

Diagnosis of Cardiac Defects in General Practice, 

is now available from the Association. The 

edition was prepared by Regina Gluck, M.D., 

Assistant Clinical Professor of Pediatrics, the 

Children’s Medical Service of Bellevue 

Hospital. 

The revision reflects the many advances 

made in knowledge and in clinical experience 

with regard to diagnosis, management and 

treatment of congenital defects. Particular at- 

tention is paid to surgical procedures which 

were either not known or not clinically tested 

when the previous edition was issued in No- 

vember, 1954. Thus, for example the new 

edition lists among operable conditions, atrial 

and septal defects, which could not be so listed 
previously. 

As the title implies, the booklet is designed 

primarily for the general practitioner. As an 

additional aid to the practitioner, the new 

edition includes a bibliography of selected 

references. 

Physicians may obtain copies of Diagnosis 

of Cardiac Defects in General Practice through 

their local Heart Association or through the 

American Heart Association, 44 East 23 

Street, New York 10, N. Y. 

NEW VISUAL KIT DEMONSTRATES 
CARDIOVASCULAR SYSTEM 

The second kit in the AHA Cardio-Views 
series is available from the Association. The 

new kit, entitled, The Cardiovascular System, 

consists of 24 three-dimensional color slides 

depicting various parts of the heart including 

the valves, the coronary artery system, the 

aorta and the cerebrovascular system. 

The kit is designed for both medical school 

and postgraduate teaching and for individual 
study by the physician. Cost of the kit is 

$5.00. A special viewer, necessary for all 
Cardio-Views kits, is available for $1.25. Kits 

and viewers may be obtained from the Ameri- 

can Heart Association, 44 East 23 Street, 

New York 10, N. Y. 

CARDIOVASCULAR RESEARCH 
TRAINING PROGRAM TO BE 

HELD AT GEORGIA 

A postgraduate cardiovascular research and 

training program, jointly sponsored by the 

American Heart Association and the National 

Heart Institute of the U. S. Public Health 

Service, will be conducted at the Departments 
of Physiology and Pharmacology, Medical Col- 
lege of Georgia, Augusta, Ga., starting on July 1. 

A stipend of $3,400 plus $350 for each depen- 
dent and certain expenses will be provided to 

participants. Inquiries and requests for appli- 

cation forms should be addressed to either of 

the directors of the program, Dr. W. F. Ham- 
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lton or Dr. P. Ahlquist, Medical College of 

reorgia, Augusta, Ga. 

AHA FILM LIBRARY ACQUIRES 
THREE MEDICAL FILMS 

Three new motion pictures of interest to 

nedical audiences have been added to the 

\HA Film Library. These films are: 

Streamline Flow in Veins, produced in color 

und with sound by the Wellcome Film Division 

of Burroughs Wellcome and Co. The film 

presents a demonstration by Dr. D. A. 
McDonald of the Department of Physiology, 

St. Bartholomew’s Hospital Medical College, 

London, of streamlined and turbulent blood 
flow in a glass model. It runs 15 minutes on 

16 mm. film. 

Living Microscopic Blood Vessels: Normal 
and Pathological Conditions, produced in color 
by Drs. Brenton R. Lutz and George R. Fulton 

of the Department of Biology of Boston Uni- 

versity. The film demonstrates the use of the 

hamster cheek pouch as a “living laboratory” 

for gross and microscopic investigation of a 

variety of peripheral vascular phenomena. It 

runs 30 minutes on 16 mm. film. 

Tetralogy of Fallot, produced in color and 
with sound by E. R. Squibb and Sons. Starting 
with a brief review of the embryonic develop- 
ment of the heart, it shows the associated 

anomalies of the tetralogy, and the procedures 

for surgical correction. Running time is 30 
minutes on 16 mm. film. 

All three films are suitable for medical 

students as well as physicians. The Tetralogy 

of Fallot is also suitable for student and gradu- 
ate nurses. Information on rental may be ob- 

tained from the AHA Film Library, 13 East 

37 Street, New York 16, N. Y. 

MEETINGS CALENDAR 

July 23-26: International Congress of Develop- 
mental Biology, Providence, R. I. Professor Paul 
Weiss, Rockefeller Institute for Medical Re- 
search, 66th St. and York Ave., New York 21, 
N.Y. 

July 27-31: Second International Symposium on the 
Cellular Basis of Differentiation, Providence, R. I. 
Professor Paul Weiss, Rockefeller Institute for 
Medical Research, 66th St. and York Ave., New 
York 21, N. Y. 

August 13-16: National Medical Association, New 
York. John T. Givens, M.D., 1108 Church St., 
Norfolk 10, Va. 

September 3-9: Sixth Congress of the International 
Society of Hematology, Boston. Dr. S. Haberman, 
3301 Junius St., Dallas, Tex. 

September 6-8: American Association of Obstetri- 
cians and Gynecologists, Hot Springs, Va. F. R. 

Lock, Bowman Gray Medical School, Winston- 
Salem, N. C. 

September 9-13: Tenth International Congress of 
the International College of Surgeons (including 
Twenty-first Annual Congress of the U. S. and 
Canadian Sections), Chicago. Karl Meyer, M.D., 
1516 Lake Shore Dr., Chicago, Il. 

September 10-14: American Congress of Physical 
Medicine and Rehabilitation, Atlantic City. 
Frances Baker, M.D., 1 Tilton Ave., San Mateo, 
Calif. 

ABROAD 

July 22-27: Eighth International Congress of Pedi- 
atrics, Copenhagen. Eighth International Congress 
of Pediatrics, Domus Medica, 12A Kristianiagade, 
Copenhagen, Denmark. 

July 22-28: Eighth International Congress of 
Radiology, Mexico City. Dr. Jose Noriega, 
Secretary General ‘of Congress, Tepic 126 (2e 
piso), Mexico, D. F. 7. : 

July 30-August 4: Twentieth International Physio- 
logical Congress, Brussels. Professor J. J. Reuse, 
Faculté de Médicine et de Pharmacie, 115 Boulé- 
vard de Waterloo, Brussels, Belgium. 

August 1-6: First International Congress of Human 
Genetics, Copenhagen. The University Institute 
for Human Genetics, Tagensvej] 14, Copenhagen, 
Denmark. 

August 19-23: Fourth International Congress on 
Diseases of the Chest, Cologne. Mr. M. Kornfeld, 
American College of Chest Physicians, 112 Chest- 
nut St., Chicago 11, Ill. 

August 20-24: Second International Congress of 
Physical Medicine, Copenhagen. Dr. Svend Clem- 
nesen, Kommunehospitalet, Copenhagen, Den- 
mark. 

September 10-14: Second European Congress of 
Cardiology, Stockholm. Professor K. E. Grewin, 
Sédersjukhuset, Stockholm, Sweden. 
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your patient should not be 

endangered by fluid accumulation 

during “rest periods” 

YOUR PATIENT NEEDS AN 

ORGANOMERCURIAL 

When a diuretic must evoke acidosis to be effective, continued 

administration without dosage limitation results in refractoriness. 

Other diuretics may require interrupted dosage to avoid gastro- 

intestinal irritation. 

But the sustained diuresis achieved by the organomercurials never 

necessitates routine “rest periods” because of their mode of action. 

nui EOHYDRIN 
BRAND OF CHLORMERODRIN (18.3 MG. OF 3-CHLOROMERCURI-2-METHOXY-PROPYLUREA 

EQUIVALENT TO 10 MG. OF NON-IONIC MERCURY IN EACH TABLET) 

a standard for initial control of severe failure MERCUHYDRIN® SODIUM 
BRAND OF MERALLURIDE INJECTION 

LAKESIDE 
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